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PYRROLIDINE CARBOXYLIC ACID DERIVATIVES AS ENDOTHELIN ANTAGONISTS 

This is a continuation-in-part application of US Serial No. 08/877,187 filed 
June 17, 1997. 

Technical Fiftirl 

5 The present invention relates to compounds which are endothelin 

antagonists, processes for making such compounds, synthetic intermediates 
employed in these processes and methods and compositions for antagonizing 
endothelin. 

10 Background of tha InvBntinn 

Endothelin (ET) is a 21 amino acid peptide that is produced by endothelial 
cells. ET is produced by enzymatic cleavage of a Trp-Val bond in the precursor 
peptide big endothelin (Big ET). This cleavage is caused by an endothelin 
converting enzyrne (ECE). Endothelin has been shown to constrict arteries and 

15 veins, increase mean arterial blood pressure, decrease cardiac output, increase 
cardiac contractility in yillQ, stimulate mitogenesis in vascular smooth muscle cells 
in yil£Q, contract non-vascular smooth muscle including guinea pig trachea, human 
urinary bladder strips and rat uterus in vitro , increase ainway resistance in vivo , 
induce formation of gastric ulcers, stimulate release of atrial natriuretic factor in vitro 

20 and in vivo, increase plasma levels of vasopressin, aldosterone and 

catecholamines, inhibit release of renin in vitro and stimulate release of 
gonadotropins in vitro . 

It has been shown that vasoconstriction is caused by binding of endothelin to 
its receptors on vascular smooth muscle (Nature 22Z 41 1 (1988). FEBS Letters 221 

25 440 (1988) and Biochem. Biophys. Res. Commun. 154 868 (1988)). An agent 

which suppresses endothelin production or an agent which binds to endothelin or 
which inhibits the binding of endothelin to an endothelin receptor will produce 
beneficial effects in a variety of therapeutic areas. In fact, an anti-endothelin 
antibody has been shown, upon intrarenal infusion, to ameliorate the adverse 

30 effects of renal ischeniia on renal vascular resistance and glomemlar filtration rate 
(Kon, et al., J. Clin. Invest. Q2. 1762 (1989)). In addition, an anti-endothelin antibody 
attenuated the nephrotoxic effects of intravenously adrninistered cyclosporin (Kon, 
et al., Kidney Int. 21 1487 (1990)) and attenuated infarct size in a coronary artery 



.C|ifle7i;iQ-B 



( 
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Clozel et al. (Nature SiS: 759-761 (1993)) report that Ro 46-2005, a 
nonpeptide ET-A/B antagonist, prevents post-ischaemic renal vasoconstriction in 
rats, prevents the decrease in cerebral blood flow due to subarachnoid hemorrhage 
(SAH) in rats, and decreases MAP in sodium-depleted squirrel monkeys w/hen dosed 
5 orally. A similar effect of a linear tripeptide-like ET-A antagonist, BQ-485, on arterial 
caliber after SAH has also been recently reported (S.ltoh, T. Sasaki, K. Ide, K. 
Ishikawa, M. Nishikibe, and M. Yano, Biochem. Biophys. Res. Comm. , 195 : 969-75 
(1993). These results indicate that agents which antagonize ET/ET receptor binding 
will provide therapeutic benefit in the indicated disease states. 

Two structurally related endothelin receptors have been cloned, sequenced 
and characterized (Hosada, K.; Nakao, K.; Aral, H.; Suga, 8.; Ogawa. Y.; 
Mukoyama, M.; Shirakami, G.; Saito.Y.; Nakanishi. 8.; Imura, H. FEBS Lett. 1991 , 
187,23-26: Sakamoto, A.; Yanagisawa, M.; Sakurai. T.; Takuwa, Y.; Yanaglsawa, 
H.; Masaki, T. Biochem. Biophys. Res. Commun. 1 991 , 1 78, 656-663). Each binds 

15 the three endothelin isopeptides with differing affinities; the ETa 

receptor displays affinity for ET-1 and ET-2 over ET-3, while the ETb 
receptor is non-isopeptide selective. Originally described as a vasodilatory receptor 
due to its mediation of nitric oxide release (DeNucci.G.; Thomas, R.; D'Orleans- 
Juste, P.; Antunes, E.; Walder. C; Warner, T. D.; Vane, J. R. Proc. Natl. Acad Sci. 

20 U.S.A. 1 988, 85, 9797-9800), it is now apparent that the ETb receptor is responsible 
for a greater diversity of physiologic function. Current research suggests a role for 
ETb mediated responses in certain disease states including established pulmonary 
hypertension (McCulloch, K. M.; Maclean, M. R.; J. Cardiovasc. Pharmacol, 1995, 
26(8uppl. 3), S169-S176), contractile dysfunction associated with benign prostatic 

25 hyperplasia (Webb, M. L.; Chao, C.-C; Rizzo, M.; Shapiro. R. A.; Neubauer, M.; Liu, 
E. C. K.; Aversa, C. R.; Brittain, R. J.; Treiger, B. Mol. Pharmacol. 1995, 47, 730-737; 
Webb, M. L; Meek, T. D. Med. Res. Rev. 1997. 17, 17-67), myocardial infarction 
(Vitola, J. v.; Forman. M. B.; Holsinger. J. P.; Kawana, M.; Atkinson, J. B.; 
Quertermous. T.; Jackson, E. K.; Murray, J.J. J. Cardiovasc. Pharmacol. 1996, 28, 

30 774-783), and atherosclerosis (Dagassan, P. H.; 

Breu.V.; Clozel, M.; Kunzli.A.; Vogt. P. Turina, M.; Kiowski, Clozel, J. -P. J. 
Cardiovasc. Pharmacol. 1996, 27. 147-153). Our group has previously reported the 
discovery of a series of pyrrolldine-3-carboxylic acids which which bind potently and 
selectively to the ETa receptor subtype (Winn. M.; von Geldern. T. W.; Opgenorth, T. 

35 J.; Jae, H. -S.; Tasker, A. S.; Boyd, S. A.; Kester, J. A.; Mantel, R. A.; Bal, R. B.; 
Sorensen. B. K.; Wu-Wong, J. R.; Chiou, W. J.; Dixon, D. B.; Novosad, E. I.; 
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Hernandez. L.; Marsh, K. C. J. Med Chem. 1996, 39, 1039-1048). The compounds 
claimed in the current invention differ from those previously described and are 
unique in that they bind potently and selectively to the ETb subtype, blocking the 
actions of the endothellns on these receptors. As such, they may find utility In the 
treatment of diseases that are mediated by the ETb receptor. 



Disclosure of the InvBntinn 

In accordance with the present invention there are compounds of the formula 

(I): 



R3. Ri 



10 "2 

(i) 

wherein 

R is -(CH2)m-W wherein m is an integer from 0 to 6 and W is 

^5 (a) -C{0)2-G wherein G is hydrogen or a carboxy protecting group, 

(b) -PO3H2, 

(c) -P(0)(OH)E wherein E is hydrogen, loweralkyi or arylalkyi, 

(d) -CN, 

(e) -C(0)NHRi7 wherein R17 Is loweralkyi, 
20 (f) alkylamlnocarbonyl, 

(g) dialkyiamlnocarbonyl, 

(h) tetrazolyl, 
(1) hydroxy, 
0) alkoxy, 

25 (k) sulfonamide, 

(I) -C(0)NHS(0)2Ri6 wherein R16 is loweralkyi, haloalkyi, aryl or dialkylamino, 
(m) -S(0)2NHC(0)Ri6 wherein R^g is defined as above, 

HQ 



(n) 




BNSDOCID- <W0 . 9B57g33Ai I > 
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'\~\ y~ NHSO2CF3 

(u) — ; 
Ri and R2 are Independently selected from hydrogen, loweralkyi, alkenyl, alkynyl, 
alkoxyalkyl. alkoxycarbonylalkyl. hydroxyalkyi, haloalkyi, haloalkoxyalkyi, 
alkoxyalkoxyalkyi, thioalkoxyalkoxyalkyi, cycloalkyi, cycloalkylalkyi, 
aminocarbonylalkyl. alkylaminocarbonylalkyl. dialkylaminocarbonylalkyl. 
aminocarbonylalkenyl, alkylaminocarbonylalkenyl, dialkylaminocarbonylalkenyl, 
hydroxyalkenyl, aryl, arylalkyi, aryloxyalkyi, arylalkoxyalkyl. heterocyclic 
(heterocyclic)alkyl and (Raa)(Rbb)N-Rcc- wherein Rgg is aryl or arylalkyi. R^b is 
hydrogen or alkanoyi and R^^ is alkylene, with the proviso that one or both of R^ and 
R2 is other than hydrogen; 

R3 is R4-C(0)-R5- or R6-S(0)2-R7- wherein R5 is (i) a covalent bond, (ii) alkylene 
(iii) alkenylene. (iv) -N(R2o)-R8- or -R8a-N(R2o)-R8- wherein Re and Rgg are 
independently selected from the group consisting of alkylene and alkenylene; and 
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R20 is hydrogen, loweralkyi, alkenyl, haloalkyi, alkoxyalkyi, haloalkoxyalkyi, 
cylcoalkyi or cycloalkylalkyi or (v) -O-R9- or -Rga-O-Rg- wherein Rg and Rgg are 

Independently selected from alkylene; 

R7 is (I) a covalent bond, (ii) alkylene, (iii) alkenylene or (Iv) -N(R2i)-Rio- or 
'^ioa"'^(^2i)-Rio- wherein R10 and R^oa ^'^^ independently selected from the group 
consisting of alkylene and alkenylene and R21 is hydrogen, loweralkyi, alkenyl, 
haloalkyi, alkoxyalkyi, haloalkoxyalkyi, aryl or arylalkyi; 

wherein R4 and Rg are 



wherein Rn and R12 are independently selected from the 
group consisting of loweralkyi, cyano, alkoxy, halo, haloalkyi and phenyl and 
R13, Ri4, and R15 are independently selected from the group consisting of hydrogen, 
loweralkyi, hydroxy, amino, alkoxy, aryl, heterocyclic, halo, carboxy, nitro, 
alkylsulfonyl, arylsulfonyl, thioalkoxy, thioaryloxy, or cyano; or 



or a pharmaceutically acceptable salt thereof. 

A preferred embodiment of the invention is a compound of formula (II) 



wherein the substituents -R2, -R and -Ri exist in a trans.trans relationship and R, Ri, 
R2, and R3 are as defined above. 

A more preferred embodiment of the invention is a compound of formula (I) or 
(II) wherein R3 is R4-C{0)-R5- wherein R4 is as defined above and R5 is alkylene or 
R3 Is R6-S(0)2-R7- wherein R7 Is alkylene and Re is defined as above. 

An even more preferred embodiment of the invention is a compound of 
formula (I) or (II) wherein R is -C(0)2-G wherein G is hydrogen or a carboxy protecting 
group or R is tetrazolyl or R is -C{0)-NHS{0)2Ri6 wherein ^le 's loweralkyi, haloalkyi 
or aryl, Ri and R2 are independently selected from 




(ii) heterocyclic(amino). 




(II) 
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(i) loweralkyi, (ii) cycloalkyi, (iii) substituted and unsubstituted aryl, and (iv) 
substituted or unsubstituted lieterocyclic, and R3 is R4-C(0)-R5- wherein R4 is as 
defined above and R5 is all<ylene or R3 is R6-S(0)2-R7- wherein R7 is alkylene and 
Re is defined as above. 

A yet more preferred embodiment of the invention is a compound of formula (I) 
or (II) wherein R is -C(0)2-G wherein G is hydrogen or a carboxy protecting group, 
tetrazolyl or -C(0)-NHS(0)2Ri6 wherein R^g is loweralkyi, haloalkyi or aryl, Ri is (i) 
alkoxyalkyl. (ii) cycloalkyi, (iii) phenyl, (iv) pyrldyl, (v) furanyl or (vi) substituted or 
unsubstituted 4-methoxyphenyl, 4-fluorophenyl, 3-fluorophenyl, 4-ethoxyphenyl, 4- 
propoxyphenyl, 4-isopropoxyphenyl, 4-trifluoromethylphenyl, 4- 
pentafluoroethylphenyl, 2-fluoro-4-ethoxyphenyl, 3-fluoro-4-methoxyphenyl, 3-fluoro- 
4-ethoxyphenyl, 3-fluoro-4-propoxyphenyl, 3-methoxy-4-propoxyphenyl, 2- 
fluorophenyl, 4-methoxymethoxyphenyl, 4-(2-methoxyethoxy)phenyl, 4-(2- 
ethoxyethoxy)phenyl, 4-(2-isopropoxyethoxy)phenyl, 4-hydroxyphenyl, 1 ,3- 
benzodloxolyl, 1 ,4-benzodioxanyl or dihydrobenzofuranyl wherein the substituent is 
selected from alkoxy, alkoxyalkoxy and carboxyalkoxy, Rg is substituted or 

unsubstituted 1 ,3-benzodioxolyl, 7-methoxy-l,3-benzodioxoiyl, 1 ,4-benzodioxanyl, 8- 
methoxy-1 ,4-benzodioxanyl, dihydrobenzofuranyl, benzofuranyl, 4-methoxyphenyl, 
dimethoxyphenyl, fluorophenyl or difluorophenyl and R3 is R4-C(0)-R5- wherein R4 is 
as defined above and R5 is alkylene or R3 is R6-S(0)2-R7- wherein R7 is alkylene 
and Re Is defined as above. 

Another yet more preferred embodiment of the invention is a compound of 
formula (I) or (II) wherein R is -C(0)2-G wherein G is hydrogen or a carboxy protecting 
group, tetrazolyl or -C(0)-NHS(0)2Ri6 wherein R^g is loweralkyi, haloalkyi or aryl. Ri 
is (i) alkoxyalkyl, (ii) cycloalkyi, (iii) phenyl, (iv) pyridyl, (v) furanyl or (vi) substituted or 
unsubstituted 4-methoxyphenyl, 4-fiuorophenyl, 3-fluorophenyl, 4-ethoxyphenyl, 4- 
propoxyphenyl, 4-isopropoxyphenyl. 4-trifluoromethylphenyl, 4- 
pentafluoroethylphenyl. 2-fluoro-4-ethoxyphenyl, 3-fluoro-4-methoxyphenyl, 3-fluoro- 
4-ethoxyphenyl. 3-fluoro-4-propoxyphenyl, 3-methoxy-4-propoxyphenyl, 2- 
fluorophenyl. 4-methoxymethoxyphenyl, 4-(2-methoxyethoxy)phenyl, 4-(2- 
ethoxyethoxy)phenyl, 4-(2-isopropoxyethoxy)phenyl, 4-hydroxyphenyl, 1 ,3- 
benzodloxolyl, 1 .4-benzodioxanyl or dihydrobenzofuranyl wherein the substituent is 
selected from alkoxy, alkoxyalkoxy and carboxyalkoxy, Rg is substituted or 

unsubstituted 1 .3-benzodioxolyl. 7-methoxy-1 .3-benzodioxolyl, 1 ,4-benzodloxanyl, 8- 
methoxy-1 .4-benzodioxanyl, dihydrobenzofuranyl, benzofuranyl, 4-methoxyphenyl. 
dimethoxyphenyl, fluorophenyl or difluorophenyl and R3 is R4-C(0)-R5- wherein R4 is 
as defined above and R5 is alkylene. 
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A still more preferred embodiment of the invention is a compound of formula (I) 
or (11) wherein R is -C{0)2-G wherein G is hydrogen or a carboxy protecting group, 
tetrazolyl or -C{0)-NHS(0)2Ri6 wherein R^g is loweralkyi or haloalkyi, Ri is 
substituted or unsubstHuted 4-methoxyphenyl, 4-fluorophenyl, 2-fluorophenyl, 4- 
ethoxyphenyl, 4-propoxyphenyl, 4-isopropoxyphenyl. 3-fluoro-4-methoxyphenyl. 3- 
fluoro-4-ethoxyphenyl, 2-fluoro-4-ethoxyphenyl, 3-fluoro-4-propoxyphenyl. 3- 
methoxy-4-propoxyphenyl. 4-trifluoromethylphenyi. 4-pentafluoroethylphenyl, 4- 
methoxymethoxyphenyl, 4-(2-methoxyethoxy)phenyl, 4-(2-ethoxyethoxy)phenyl, 4-(2- 
isopropoxyethoxy)phenyl. 4-hydroxyphenyl, 1 .3-benzodioxolyl. 1 ,4-ben20dioxanyl or 
dihydrobenzofuranyl wherein the substituent is selected from alkoxy, alkoxyaikoxy 
and carboxyalkoxy, Rg is 1 ,3-benzodioxolyl, 7-methoxy-1 ,3-benzodioxolyl, 1 ,4- 
benzodioxanyl, dihydrobenzofuranyl, benzofuranyl, 4-methoxyphenyl, 
dimethoxyphenyl, fluorophenyl or difluorophenyl and R3 is R4-C(0)-R5- wherein R4 is 
as defined above and R5 is alkyiene. 

A most highly preferred embodiment of the invention is a compound of formula 
(I) or (II) wherein R is -C(0)2-G wherein G Is hydrogen or a carboxy protecting group, 
Ri is substituted or unsubstituted 4-methoxyphenyl. 4-fluorophenyl, 2-fluorophenyl, 
3-fluoro-4-ethoxyphenyl, 3-fluoro-4-methoxyphenyl, 4-ethoxyphenyl. 4- 
propoxyphenyl, 4-isopropoxyphenyl, 2-fluoro-4-ethoxyphenyl, 3-fluoro-4- 
propoxyphenyl, 3-methoxy-4-propoxyphenyl, 4.methoxymethoxyphenyl. 4-(2- 
methoxyethoxy)phenyl, 4-(2-ethoxyethoxy)phenyl, 4-(2-isopropoxyethoxy)phenyl, 4- 
hydroxyphenyl, 1 ,3-ben2odioxolyl, 1 ,4-benzodioxanyl or dihydrobenzofuranyl 
wherein the substituent is selected from alkoxy. alkoxyaikoxy and carboxyalkoxy. Rg 
is 1 ,3-benzodloxolyl, 7-methoxy-1 ,3-benzodioxolyl, 1 ,4-ben2odioxanyl, 
dihydrobenzofuranyl, benzofuranyl. 4-methoxyphenyl. dimethoxyphenyl, 
fluorophenyl or difluorophenyl and R3 is R4-C(0)-R5- wherein R4 is 




wherein R^ and R12 are independently selected from loweralkyi, and R13, 
R14, and R15 are independently selected from the group consisting of hydrogen, 
loweralkyi, hydroxy, amino, alkoxy. aryl. heterocyclic, halo, carboxy, nitro, 
alkylsulfonyl, arylsulfonyl. thioalkoxy, thioaryloxy. or cyano and R5 is alkyiene. 



<Vyp _ . 9857933A1 I > 
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A most highly preferred embodiment of the invention is a compound of formuia 
(1) or (II) wherein R is -C(0)2-G wherein G is hydrogen or a carboxy protecting group, 
Ri is substituted or unsubstituted 4-methoxyphenyl, 4-fluorophenyl. 2-fluoroph8nyl, 
3-fluoro-4-ethoxyphenyl, 3-fluoro-4-methoxyphenyl, 4-ethoxyphenyl, 4- 
propoxyphenyl, 4-isopropoxyph8nyl, 2-fluoro-4-ethoxyphenyl, 3-fluoro-4- 
propoxyphenyl, 3-methoxy-4-propoxyphenyl, 4methoxymethoxyphenyl, 4-(2- 
methoxyethoxy)phenyl, 4-(2-ethoxyethoxy)phenyl, 4-(2-isopropoxyethoxy)phenyl, 4- 
hydroxyphenyl, 1 ,3-benzodloxolyi, 1 ,4-ben2odioxanyl or dihydrobenzofuranyl 
wherein the substituent is selected from alkoxy, alkoxyalkoxy and carboxyalkoxy. Rg 

is 1 ,3-benzodloxolyi, 7-methoxy-1,3-benzodloxolyl, 1 ,4-benzodioxanyl, 
dihydrobenzofuranyl, benzofuranyl, 4-methoxyphenyl, dimethoxyphenyl, 
fluorophenyl or difluorophenyl and R3 is R4-C(0)-R5- wherein R4 is 



wherein Rn and R12 are independently selected from the 
group consisting of lower alkyi, alkoxy and halo, and R13. R14, and R15 are 
independently selected from the group consisting of hydrogen, loweralkyi, hydroxy, 
amino, alkoxy, aryi, heterocyclic, halo, carboxy, nitro, alkylsulfonyl, arylsulfonyl, 
thioalkoxy, thioaryloxy, or cyano and R5 is alkylene. 

Another most highly preferred embodiment of the invention is a compound of 
formula (I) or (II) wherein R is -C(0)2-G wherein G is hydrogen or a carboxy protecting 
group, Ri is substituted or unsubstituted 4-methoxyphenyl, 4-fluorophenyl, 2- 
fluorophenyl, 3-fluoro-4-ethoxyphenyl, 3-fluoro-4-methoxyphenyl, 4-ethoxyphenyl, 4- 
propoxyphenyl, 4-lsopropoxyphenyl. 2-fluoro-4-ethoxyphenyl, 3-fluoro-4- 
propoxyphenyl, 3-methoxy-4-propoxyphenyl, 4-methoxymethoxyphenyl, 4-(2- 
methoxyethoxy)phenyl, 4-(2-ethoxyethoxy)phenyl. 4-(2-lsopropoxyethoxy)phenyl, 4- 
hydroxyphenyl. 1 .3-benzodioxolyl, 1 ,4-benzodioxanyl or dihydrobenzofuranyl 
wherein the substituent is selected from alkoxy, alkoxyalkoxy and carboxyalkoxy, Rg 

is 1 ,3-benzodioxolyl. 7-methoxy-1 ,3-benzodioxolyl, 1 ,4-benzodioxanyl, 
dihydrobenzofuranyl, benzofuranyl, 4-methoxyphenyl, dimethoxyphenyl, 
fluorophenyl or difluorophenyl and R3 is R4-C(0)-R5- wherein R4 is 
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wherein Rn and R12 are independently selected from the group consisting of 
methyl, ethyl, and isopropyl, and R13. R14, and R15 are independently selected from 
the group consisting of hydrogen, loweralkyi, hydroxy, amino, alkoxy, aryl, 
heterocyclic, halo, carboxy, nitro, alkylsulfonyl, arylsulfonyl, thioalkoxy, thioaryloxy, or 
cyano and R5 is alkylene. 

Another most highly preferred embodiment of the invention is a compound of 
formula (I) or (II) wherein R is -C(0)2-G wherein G is hydrogen or a carboxy protecting 
group, Ri is substituted or unsubstituted 4-methoxyphenyl, 4-fluorophenyl, 2- 
fluorophenyl, 3-fluoro-4-ethoxyphenyl, 3-fluoro-4-methoxyphenyl, 4-ethoxyphenyl, 4- 
propoxyphenyl, 4-isopropoxyphenyl, 2-fluoro-4-ethoxyphenyl, 3-fluoro-4- 
propoxyphenyl, 3-methoxy-4-propoxyphenyl, 4-methoxymethoxyphenyl. 4-(2- 
methoxyethoxy)phenyl, 4-(2-ethoxyethoxy)phenyl, 4-(2-isopropoxyethoxy)phenyl, 4- 
hydroxyphenyl, 1 ,3-benzodioxolyl, 1 ,4-benzodioxanyl or dihydrobenzofuranyl 
wherein the substituent is selected from alkoxy, alkoxyalkoxy and carboxyalkoxy, Rg 

is 1 ,3-benzodioxolyl, 7-methoxy-1,3-benzodioxolyl, 1 ,4-benzodioxanyl, 
dihydrobenzofuranyl, benzofuranyl, 4-methoxyphenyl, dimethoxyphenyl, 
fluorophenyl or difluorophenyl and R3 is R4-C(0)-R5- wherein R4 is 



wherein Rn and R12 are independently selected from the group consisting of 
methyl, ethyl, and isopropyl, and R13. R14, and R15 are independently selected from 
the group consisting of hydrogen, loweralkyi, hydroxy, amino, alkoxy, aryl, 
heterocyclic, halo, carboxy, nitro, alkylsulfonyl, arylsulfonyl, thioalkoxy, thioaryloxy, or 
cyano and R5 is methylene. 

The present invention also relates to processes for preparing the compounds 
of formula (I) and (II) and to the synthetic intermediates employed in these processes. 
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The present invention also relates to a method of antagonizing endothelin in a 
mammal (preferably a human) in need of such treatment, comprising administering to 
the mammal a therapeutically effective amount of a compound of formula (I) or (II). 

The invention further relates to endothelin antagonizing compositions 
comprising a pharmaceutical carrier and a therapeutically effective amount of a 
compound of formula (I) or (II). 

The compounds of the invention comprise two or more asymmetrically 
substituted carbon atoms. As a result, racemic mixtures, mixtures of diastereomers, 
as well as single diastereomers of the compounds of the invention are included in the 
present invention. The terms "S" and "R" configuration are as defined by the lUPAC 
1974 Recommendations for Section E, Fundamental Stereochemistry, Pure Appl. 
Chem. (1976) 45, 13 - 30. 

The term "carboxy protecting group" as used herein refers to a carboxylic acid 
protecting ester group employed to block or protect the carboxylic acid functionality 
while the reactions involving other functional sites of the compound are carried out. 
Carboxy protecting groups are disclosed in Greene. "Protective Groups in Organic 
Synthesis" pp. 152-186 (1981), which is hereby incorporated herein by reference. In 
addition, a carboxy protecting group can be used as a prodrug whereby the carboxy 
protecting group can be readily cleaved in vivo . for example by enzymatic hydrolysis, 
to release the biologically active parent. T. Higuchi and V. Stella provide a thorough 
discussion of the prodrug concept in "Pro-drugs as Novel Delivery Systems", Vol 14 
of the A.C.S. Symposium Series, American Chemical Society (1975), which is 
hereby incorporated herein by reference. Such carboxy protecting groups are well 
known to those skilled in the art, having been extensively used in the protection of 
carboxyl groups in the penicillin and cephalosporin fields, as described in U.S. Pat. 
No. 3,840,556 and 3,719,667, the disclosures of which are hereby incorporated 
herein by reference. Examples of esters useful as prodrugs for compounds 
containing carboxyl groups can be found on pages 14-21 of "Bioreversible Carriers 
in Drug Design: Theory and Application", edited by E.B. Roche, Pergamon Press, 
New York (1987), which is hereby incorporated herein by reference. Representative 
carboxy protecting groups are Ci to Cs alkyi (e.g.. methyl, ethyl or tertiary butyl and 
the like); haloalkyi; aikenyl; cycloalkyi and substituted derivatives thereof such as 
cyclohexyl, cyclopentyl and the like; cycloalkylalkyi and substituted derivatives 
thereof such as cyclohexylmethyl, cyclopentylmethyl and the like; arylalkyi, for 
example, phenethyl or benzyl and substituted derivatives thereof such as 
alkoxybenzyl or nitrobenzyl groups and the like; arylalkenyl, for example.^ 
phenylethenyl and the like; aryl and substituted derivatives thereof, for example, 5- 
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indanyl and the like; dialkylaminoalkyi (e.g., dimethylaminoethyl and the like); 
alkanoyloxyalkyi groups such as acetoxy methyl, butyryloxymethyl, valeryloxymethyi, 
isobutyryloxymethyl, isovaleryloxymethyl, 1-(propionyloxy)-1 -ethyl, 1-(pivaloyloxyl)-1- 
ethyl, 1-methyl-1-(propionyloxy)-1 -ethyl, pivaloyloxymethyl, propionyloxymethyl and 
the like; cycloalkanoyloxyalkyi groups such as cyclopropylcarbonyloxymethyl, 
cyclcbutylcarbonyloxymethyl, cyclopentylcarbonyloxymethyl, 
cyclohexylcarbonyloxymethyl and the like; aroyloxyalkyl. such as benzoyloxymethyl, 
benzoyloxyethyl and the like; arylalkylcarbonyloxyalkyl, such as 
benzylcarbonyloxymethyl, 2-benzylcarbonyloxyethyl and the like; 
alkoxycarbonylalkyl, such as methoxycarbonylmethyl, cyclohexyloxycarbonylmethyl, 
1-methoxycarbonyl-1 -ethyl, and the like; alkoxycarbonyloxyalkyi, such as 
methoxycarbonyloxymethyl. t-butyloxycarbonyloxymethyl, 1 -ethoxycarbonyloxy-1 - 
ethyl, 

1-cyclohexyloxycarbonyloxy-1 -ethyl and the like; alkoxycarbonylaminoalkyi, such as 
t-butyloxycarbonylanninomethyl and the like; alkylaminocarbonylaminoalkyi, such as 
methylaminocarbonylaminomethyl and the like; alkanoylaminoalkyl, such as 
acetylaminomethyl and the like; heterocycliccarbonyloxyalkyi, such as 4- 
methylpiperazinylcarbonyloxymethyl and the like; dialkylaminocarbonylalkyi, such as 
dimethylaminocarbonylmethyl, diethylaminocarbonylmethyl and the like; (5- 
(loweralkyl)-2-oxo-1 ,3-dioxolen-4-yl)alkyl, such as {5-t-butyl-2-oxo-1 ,3-dioxolen-4- 
yl)methyl and the like; and (5-phenyl-2-oxo-1 ,3-dioxolen-4-yl)alkyl, such as (5- 
phenyl-2-oxo-1 ,3-dioxolen-4-yl)methyl and the like. 

The term "N-protecting group" or "N-protected" as used herein refers to those 
groups Intended to protect the N-terminus of an amino acid or peptide or to protect an 
amino group against undersirable reactions during synthetic procedures. Commonly 
used N-protecting groups are disclosed in Greene, "Protective Groups In Organic 
Synthesis," (John Wiley & Sons, New York (1981)), which is hereby incorporated by 
reference. N-protecting groups comprise acyl groups such as formyl, acetyl, 
propionyl, pivaloyi, t-butylacetyl, 2-chloroacetyl. 2-bromoacetyl. trifluoroacetyl, 
trichloroacetyl, phthalyl, o-nitrophenoxyacetyl, a-chlorobutyryl, benzoyl, 4- 
chlorobenzoyl, 4-bromobenzoyl, 4-nitrobenzoyl, and the like; sulfonyl groups such as 
behzenesulfonyl, p-toluenesulfonyl and the like; carbamate forming groups such as 
benzyloxycarbonyl, p-chlorobenzyloxycarbonyl, p-methoxybenzyloxycarbonyl, p- 
nitrobenzyloxycarbonyl. 2-nitrobenzyloxycarb6nyl, p-bromobenzyloxycarbonyl, 3,4- 
dimethoxybenzyloxycarbonyl, 3,5-dimethoxybenzyloxycarbonyl, 2,4- 
dimethoxybenzyloxycarbonyl, 4-methoxybenzyioxycarbonyl. 2-nitro-4,5- 
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dimethoxybenzyloxycarbonyl, 3,4,5-trimethoxybenzyloxycarbonyl, 1 -(p-biphenylyl)-l - 
methylethoxycarbonyl, a,a-dimethyl-3.5-dimethoxyben2yloxycarbonyl, 
benzhydryloxycarbonyl, t-butyloxycarbonyl, diisopropylmethoxycarbonyl. 
isopropyloxycarbonyl, ethoxycarbonyl, methoxycarbonyl, allyloxycarbonyl, 2,2,2,- 

5 trichloroethoxycarbonyl, phenoxycarbonyl, 4-nitrophenoxycarbonyl, fluorenyl-9- 
methoxycarbonyl, cyclopentyloxycarbonyl, adamantyloxycarbonyl, 
cyclohexyloxycarbonyl, phenylthiocarbonyl and the like; alkyi groups such as benzyl, 
triphenylmethyl, benzyloxymethyl and the like; and silyi groups such as trimethylsilyl 
and the like. Preferred N-protecting groups are formyl, acetyl, benzoyl, pivaloyi, t- 

10 butylacetyl, phenylsulfonyl, benzyl, t-butyloxycarbonyl (Boc) and benzyloxycarbonyl 
(Cbz). 

The term "alkanoyl" as used herein refers to an alkyi group as defined herein 
appended to the parent molecular moiety through a carbonyl {-C(0)-) group. 
Examples of alkanoyi include acetyl, propionyl and the like. 
15 The term "alkanoylamino" as used herein refers to an alkanoyi group as 

previously defined appended to an amino group. Examples alkanoylamino include 
acetamido, propionamido and the like. 

The term "alkanoylaminoalkyi" as used herein refers to R43-NH-R44- wherein 
R43 is an alkanoyi group and R44 is an alkylene group. 
20 The term "alkanoyloxyalkyl" as used herein refers to R30-O-R31- wherein R30 

is an alkanoyi group and Rsi is an alkylene group. Examples of alkanoyloxyalkyl 
include acetoxymethyl, acetoxyethyl and the like. 

The term "alkenyl" as used herein refers to a straight or branched chain 
hydrocarbon radical containing from 2 to 15 carbon atoms and also containing at 
25 least one carbon-carbon double bond. Alkenyl groups include, for example, vinyl 
(ethenyl), allyl (propenyl), butenyl, 1-methyl-2-buten-1-yl and the like. 

The term "alkenylene" denotes a divalent group derived from a straight or 
branched chain hydrocarbon containing from 2 to 1 5 carbon atoms and also 
containing at least one carbon-carbon double bond. Examples of alkenylene Include 
30 -CH=CH-, -CH2CH=CH-, -C(CH3)=CH-. -CH2CH=CHCH2-, and the like. 

The term "alkenyloxy" as used herein refers to an alkenyl group, as previously 
defined, connected to the parent molecular moiety through an oxygen {-0-) linkage. 
Examples of alkenyloxy include allyloxy, butenyloxy and the like. 

The term "alkoxy" as used herein refers to R42O- wherein R42 is a loweralkyi 
35 group, as defined herein. Examples of alkoxy include, but are not limited to, methoxy. 
ethoxy, propoxy, iso-butoxy. tert-butoxy, and the like. 
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The term "alkoxyalkoxy" as used herein refers to RsoO-RsiO- wherein Reo is 
loweralkyi as defined above and Rsi is alkylene. Representative examples of 
alkoxyalkoxy groups include methoxymethoxy, ethoxymethoxy. t-butoxymefhoxy and 
the like. 

The term "alkoxyalkoxyalkoxy" as used herein refers to R82O-R83O-R84O- 
wherein R82 is loweralkyi as defined above and Rea and R84 are alkylene. 
Representative examples of alkoxyalkoxyalkoxy groups include 
methoxyethoxymethoxy, ethoxymethoxymethoxy, t-butoxymethoxymethoxy and the 
like. 

The term "(alkoxyalkyl)sulfonyl" as used herein refers to R85-0-R86-S(0)2-, 
wherein Res is loweralkyi and Rse is alkylene. 

The term "alkoxyalkoxyalkyi" as used herein refers to an alkoxyalkoxy group 
as previously defined appended to an alkyi radical. Representative examples of 
alkoxyalkoxyalkyi groups include methoxyethoxyethyl, methoxymethoxymethyl, and 
the like. 

The term "alkoxyalkyi" as used herein refers to an alkoxy group as previously 
defined appended to an alkyI radical as previously defined. Examples of alkoxyalkyi 
include, but are not limited to, methoxymethyl, methoxyethyl, isopropoxymethyl and 
the like. 

The term "alkoxycarbonyl" as used herein refers to an alkoxyl group as 
previously defined appended to the parent molecular moiety through a carbonyl 
group. Examples of alkoxycarbonyl include methoxycarbonyl, ethoxycarbonyl, 
isopropoxycarbonyl and the like. 

The term "alkoxycarbonylalkenyl" as used herein refers to an alkoxycarbonyl 
group as previously defined appended to an alkenyl radical. Examples of 
alkoxycarbonylalkenyl include methoxycarbonylethenyl, ethoxycarbonylethenyl and 
the like. 

The term "alkoxycarbonylalkyi" as used herein refers to R34-C{0)-R35- wherein 
R34 is an alkoxy group and R35 is an alkylene group. Examples of 
alkoxycarbonylalkyi Include methoxycarbonylmethyl, methoxycarbonylethyl. 
ethoxycarbonylmethyl and the like. 

The term "alkoxycarbonylaminoalkyi" as used herein refers to 
R38-C(0)-NH-R39- wherein R38 is an alkoxy group and R39 is an alkylene group. 
Examples of alkoxycarbonylaminoalkyi include methoxycarbonylaminoethyl and the 
like. 
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The term "alkoxycarbonyloxyalkyi" as used herein refers to R36-C(0)-0-R37- 
wherein R36 is an alkoxy group and R37 is an alkylene group. Examples of 
alkoxycarbonyloxyalkyi include {ethoxycarbonyloxy)methyl and the like. 

The term "(alkoxycarbonyl)thioalkoxy" as used herein refers to an 
5 alkoxy carbonyl group as previously defined appended to a thioalkoxy radical. 
Examples of (alkoxycarbonyl)thioalkoxy include methoxycarbonylthiomethoxy, 
ethoxycarbonylthiomethoxy and the like. 

The terms "alkyi" and "loweralkyi" as used herein refer to straight or branched 
chain alkyI radicals containing from 1 to 15 carbon atoms including, but not limited to, 
10 methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl, t-butyl. n-pentyl, 1- 
methylbutyl, 2,2-dimethylbutyl. 2-methylpentyl, 2,2-dimethylpropyl, n-hexyl and the 
like. 

The term "alkylamino" as used herein refers to R51NH- wherein R51 is a 
loweralkyi group, for example, ethylamino, butylamino, and the like. 
15 The term "(alkylamino)alkoxy" as used herein refers R52NH-R53-O- wherein 

R52 is loweralkyi and R53 is alkylene. 

The term "alkylaminocarbonyl" as used herein refers to an alkylamino group, 
as previously defined, appended to the parent molecular moiety through a carbonyl 
(-C(O)-) linkage. Examples of alkylaminocarbonyl include methylaminocarbonyl, 
20 ethylaminocarbonyl, isopropylaminocarbonyl and the like. 

The term "alkylaminocarbonylalkenyl" as used herein refers to an alkenyl 
radical to which is appended an alkylaminocarbonyl group. 

The term "alkylaminocarbonylalkyi" as used herein refers to a loweralkyi 
radical to which is appended an alkylaminocarbonyl group. 
25 The term "alkylaminocarbonylaminoalkyi" as used herein refers to 

R40-C(O)-NH-R4i- wherein R40 is an alkylamino group and R41 is an alkylene group. 

The term "alkylene" denotes a divalent group derived from a straight or 
branched chain saturated hydrocarbon having from 1 to 15 carbon atoms by the 
removal of two hydrogen atoms, for example -CHg-, -CHgCHg-, -CH(CH3)-, - 
30 CH2CH2CH2-. -CH2C(CH3)2CH2- and the like. 

The term "alkylsulfonyl" refers to an alky! group appended to the parent 
molecular moiety through a sulfonyl group -S(0)2-. Examples of alkylsulfonyl include 
methylsulfonyl, ethylsulfonyl, isopropylsulfonyl and the like. 

The term "(alkylsulfonyl)amino" as used herein refers to an alkyI group as 
35 previously defined appended to the parent molecular moiety through a sulfonylamino 



wo 98/57933 



PCTAJS98/11821 



15 

(-S(0)2-NH-) group. Examples of (alkylsulfonyl)amino include methylsulfonylamino, 
ethylsulfonylamino, isopropylsulfonylamino and the like. 

The term "(alkylsulfonyl)alkoxy" as used herein refers to an alkylsulfonyl group 
as previously defined appended to the parent molecular moiety through a alkoxy 
group. Examples of (alkylsulfonyl)alkoxy include methylsulfonylmethoxy, 
ethylsulfonylethoxy, Isopropylsulfonylisopropoxy and the like. 

The term "(alkylthio)alkoxy" as used herein refers to R54-S-R55-O-, wherein 
R54 is loweralkyi and R55 is alkylene. 

The term "alkynyl" as used herein refers to a straight or branched chain 
hydrocarbon radical containing from 2 to 15 carbon atoms and also containing at 
least one carbon-carbon triple bond. Examples of alkynyl include -CsC-H, H-CsC- 
CH2-. H-C=C-CH(CH3)-, CHs-Ch C-CH2-. and the like. 

The term "aminocarbonyl" as used herein refers to H2N-C(0)- . 

The term "aminocarbonylalkenyl" as used herein refers to an alkenyl radical to 
which is appended an aminocarbonyl (NH2C(0)-) group. 

The term "aminocarbonylalkoxy" as used herein refers to H2N-C(0)- 
appended to an alkoxy group as previously defined. Examples of 
aminocarbonylalkoxy include aminocarbonylmethoxy, aminocarbonylethoxy and the 
like. 

The term "aminocarbonylalkyi" as used herein refers to a loweralkyi radical to 
which is appended an aminocarbonyl (NH2C(0)-) group. 

The term "aroyloxyalkyi" as used herein refers to R32-C(0)-0-R33- wherein R32 
is an aryl group and R33 is an alkylene group. Examples of aroyloxyalkyi include 
benzoyloxymethyl, benzoyloxyethyl and the like. 

The term "aryl" as used herein refers to a mono- or bicyclic carbocyclic ring 
system having one or two aromatic rings including, but not limited to, phenyl, 
naphthyl, tetrahydronaphthyl, indanyl, indenyl and the like. Aryl groups can be 
unsubstituted or substituted with one, two or three substituents independently 
selected from loweralkyi, halo, haloalkyi, haloalkoxy, hydroxyalkyi, alkenyloxy, 
alkoxy, alkoxyalkoxy, alkoxycarbonyl, alkoxyalkoxyalkoxy, (cycloalkyl)alkoxy, 
cycloalkoxy, (alkylamino)alkoxy , (alkylthio)alkoxy, alkoxycarbonylalkenyl, 
(alkoxycarbonyl)thioa!koxy, thioalkoxy, amino, alkylamino, dialkylamino, 
(dialkylamino)alkyl, (dialkylamino)alkoxy, aminocarbonyl, aminocarbonylalkoxy, 
alkanoylamino, arylalkoxy, aryloxy, mercapto, cyano. nitro, carboxaldehyde, carboxy, 
carboxyalkenyl, carboxyalkoxy, carboxamide, alkylsulfonyl, (alkylsulfonyl)amino. 
(alkylsulfonyl)alkoxy. (alkoxyalkyl)sulfonyl, cyanoalkoxy, (heterocyclic)alkoxy, 
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hydroxy, hydroxalkoxy, phenyl and tetrazolylalkoxy. In addition, substituted aryl 
groups Include tetrafluorophenyl and pentafluorophenyl. 

The term."arylaikenyl" as used herein refers to an alkenyl radical to which Is 
appended an aryl group, for example, phenylethenyl and the like. 

The term "arylalkoxy" as used herein refers to R45O- wherein R45 is an 
arylalkyi group, for example, benzyloxy. and the like. 

The term "arylalkoxyalkyl" as used herein refers to a loweralkyi radical to 
which Is appended an arylalkoxy group, for example, benzyloxymethyl and the like. 

The term "arylalkyi" as used herein refers to an aryl group as previously 
defined, appended to a loweralkyi radical, for example, benzyl and the like. 

The term "aryloxy" as used herein refers to R46O- wherein R46 is an aryl group, 
for example, phenoxy, and the like. 

The term "arylalkylcarbonyloxy" as used herein refers to a R62C(0)0- wherein 
R62 'S an arylalkyi group. 

The term "arylalkylcarbonyloxyalkyi" as used herein refers to a loweralkyi 
radical to which is appended an arylalkylcarbonyloxy group. 

The term "aryloxyalkyi" refers to an aryloxy group as previously defined 
appended to an alkyi radical. Examples of aryloxyalkyi include phenoxymethyl, 2- 
phenoxyethyl and the like. 

The term "carboxaldehyde" as used herein refers to a formaldehyde radical 
-C(0)H. 

The term "carboxamlde" as used herein refers to NH2-C(0)-. 

The term "carboxy" as used herein refers to a carboxylic acid radical, -C(0)OH. 

The term "carboxyalkenyl" as used herein refers to a carboxy group as 
previously defined appended to an alkenyl radical as previously defined. Examples 
of carboxyalkenyl include 2-carboxyethenyl. 3-carboxy-1-propenyl and the like. 

The term "carboxyalkoxy" as used herein refers to a carboxy group as 
previously defined appended to an alkoxy radical as previously defined. Examples 
of carboxyalkoxy include carboxymethoxy. carboxyethoxy and the like. 

The term "cyanoalkoxy" as used herein refers to an alkoxy radical as 
previously defined to which is appended a cyano (-CN) group. Examples of 
cyanoalkoxy include 3-cyanopropoxy, 4-cyanobutoxy and the like. 

The term "cycloalkanoyloxy" as used herein refers to R6o-C(0)-0- wherein Reo 
is a cycloalkyi group. 

The term "cycloalkanoyloxyalkyi" as used herein refers to a loweralkyi radical 
to which is appended a cycloalkanoyloxy group. 
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The term "cycloalkyi" as used herein refers to an aliphatic ring system having 3 
to 10 carbon atoms and 1 to 3 rings Including, but not limited to, cyclopropyl, 
cyclopentyl. cyclohexyl, norbornyl, adamantyl, and the like. Cycloalkyi groups can be 
unsubstltuted or substituted with one, two or three substituents Independently 
selected from loweralkyi, haloalkyi, alkoxy, thioalkoxy. amino, alkylamlno. 
dialkylamino, hydroxy, halo, mercapto, nitro, carboxaldehyde, carboxy, 
alkoxycarbonyl and carboxamlde. 

The term "cycloalkyloxy" herein refers Rei-O- wherein Rei is a cycloalkyi 
group. Examples of cycloalkyloxy include cyclohexyloxy and the like. 

The term "(cycloalkyl)alkoxy" herein R63-R64-0- wherein R63 Is a cycloalkyi 
as defined above and is appended to the parent molecular moiety through an alkoxy 
radical wherein R64 is an alkylene group. Examples of (cycloalkyl)alkoxy include 
(cyclopropyl)ethoxy and the like. 

The term "cycloalkylalkyi" as used herein refers to a cycloalkyi group 
appended to a loweralkyi radical, including but not limited to cyclohexylmethyl. 

The term "dialkylamino" as used herein refers to (R56)(R57)N- wherein Rse and 
R57 are Independently selected from loweralkyi, for example diethylamino. methyl 
propylamine, and the like. 

The term "(dlalkylamino)alkyl" as used herein refers to a loweralkyi radical to 
which is appended a dialkylamino group. 

The term "(dlalkylamino)alkoxy" as used herein refers to an alkoxy radical to 
which is appended a dialkylamino group. 

The term "dialkylaminocarbonyl" as used herein refers to a dialkylamino 
group, as previously defined, appended to the parent molecular moiety through a 
carbonyl (-C(O)-) linkage. Examples of dialkylaminocarbonyl include 
dimethylaminocarbonyl, diethylaminocarbonyl and the like. 

The term "dialkylaminocarbonylalkenyl" as used herein refers to an alkenyl 
radical to which is appended a dialkylaminocarbonyl group. 

The term "dialkylaminocarbonylalkyi" as used herein refers to R58-C(0)-R5g- 
wherein R58 is a dialkylamino group and R59 is an alkylene group. 

The term "halo" or "halogen" as used herein refers to I, Br, CI or F. 

The term "haloalkenyl" as used herein refers to an alkenyl radical to which is 
appended at least one halogen substituent. 

The term "haloalkoxy" as used herein refers to an alkoxy radical as defined 
above, bearing at least one halogen substituent, for example, 
2-fluoroethoxy, 2,2,2-trifluoroethoxy, trifluoromethoxy, 
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2,2,3,3,3-pentafluoropropoxy and the like. 

The term "haloalkoxyalkyl" as used herein refers to a loweralkyi radical to 
which is appended a haloalkoxy group. 

The term "haloalkyi" as used herein refers to a lower alkyi radical, as defined 
5 above, to which is appended at least one halogen substituent, for example, 
chloromethyl, fluoroethyl, trifluoromethyl or pentafluoroethyl and the like. 

The term "heterocyclic ring" or "heterocyclic" or "heterocycle" as used herein 
refers to any 3- or 4-membered ring containing a heteroatom selected from oxygen, 
nitrogen and sulfur; or a 5-, 6- or 7-membered ring containing one, two or three 

10 nitrogen atoms; one oxygen atom; one sulfur atom; one nitrogen and one sulfur atom; 
one nitrogen and one oxygen atom; two oxygen atoms in non-adjacent positions; one 
oxygen and one sulfur atom in non-adjacent positions; or two sulfur atoms in non- 
adjacent positions. The 5-membered ring has 0-2 double bonds and the 6- and 7- 
membered rings have 0-3 double bonds. The nitrogen heteroatoms can be 

15 optionally quaternized. The terms "heterocyclic" or "heterocycle" also includes 

bicyclic groups in which any of the above heterocyclic rings is fused to a benzene 
ring or a cycloalkane ring or another heterocyclic ring (for example, indolyl, 
dihydroindolyl. quinolyl, isoquinolyl. tetrahydroquinolyl, tetrahydroisoquinolyl, 
decahydroquinolyl, decahydroisoquinolyl. benzofuryl, dihydrobenzofuryl or 

20 benzothienyl and the like). Heterocyclics include: aziridinyl, azetidinyl. pyrrolyl, 

pyrrolinyl, pyrrolidinyl, pyrazolyl, pyrazolinyl. pyrazolidinyl, imidazolyl. imidazolinyl, 
imidazolidinyl. pyridyl, piperidinyl, homopiperidinyl, pyrazinyl, piperazinyl, 
pyrimidinyl. pyridazinyl. oxazolyl. oxazolidinyl. isoxazolyl, isoxazolidlnyl. morpholinyl. 
thiomorpholinyl, thiazolyl, thiazolidinyl. isothiazolyl, isothiazolidinyl, indolyl, 

25 quinolinyl. isoquinolinyl, benzimidazolyl, benzothiazolyl, benzoxazolyl, oxetanyl, 
furyl, tetrahydrofuranyl, thienyl, thiazolidinyl, isothiazolyl, triazolyl, tetrazolyl, 
isoxazolyl, oxadiazolyl, thiadiazolyl, pyrrolyl, pyrimidyl and benzothienyl. 

Heterocyclics also include compounds of the formula ° where X* is 

-CH2- or -O- and Y* is -C(0)- or [-C(R")2-lv where R" is hydrogen or Ci-C4-alkyl and 
30 v is 1 , 2 or 3 such as 1 .3-benzodioxolyl, 1 ,4-benzodioxanyl and the like. 

Heterocyclics also include bicyclic rings such as quinuclidinyl and the like. 

Heterocyclics can be unsubstituted. monosubstituted, disubstituted, or 
trisubstituted with substituents independently selected from hydroxy, halo,'oxo (=0), 
alkylimino (R*N= wherein R* is a loweralkyi group), amino, alkylamino, dialkylamino. 
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alkoxy. alkoxyalkoxy. haloalkyi, cycloalkyl. aryl. phenyl, arylalkyl. -COOH -SO3H 
alkoxycarbonyl, nitro. cyano and loweralkyl. In addition, nitrogen containing ' 
heterocycles can be N-protected. 

a. de Jp^ T ^^^d herein refers to a heterocyclic group 

as defined above appended to an alkoxy radical as defined above. Examples of 
(heterocycl,c)alkoxy include 4.pyridylmethoxy. 2-pyridylmethoxy and the like 
d«fin J«h "^'^^^^'°^°''^)«'ky'" «s "sed herein refers to a heterocyclic group as 
def ned above appended to a loweralkyl radical as defined above. Examples of 
{heterocyclic)alkyl include 2-pyridylmethyl and the like 

The term "heterocyclic(amino)" refers to R77-NH- wherein R77 is an aromatic 

aroS'h?'""" appended to an amino group. The 

aromatic heterocycle .s substituted ^th substituents R75 and R76 whfch are both 
bonded to the atoms of the aromatic heterocycle which are directly adjacent to the 
n-trogen. R75 and R76 are substituents independently selected fromtXy hi 
0x0 (=0). alkylimino (R*N= wherein R* is a loweralkyl group), amino, alkylamino 

CoSTo n''7' -y'^'oalkyl. aryl. phenyl, arylalkyl. 

COOH. -SO3H. alkoxycarbonyl. nitro. cyano and loweralkyl . The aromatic 
heterocycle may also be optionally substituted with a third substituent which is 
selected from the group hydroxy, halo. 0x0 (=0). alkylimino (R*N=: wherein R* is a 
loweralkyl group), amino, alkylamino. dialkylamino. alkoxy. alkoxyalkoxy haloalkyi 
ycloa ky aryl. phenyl, arylalkyl. -COOH. -SO3H. alkoxycarbonyl.'nitro. cyano and ' 

iTrl HH T"'"' °' include 2.4-diethylpyridine-3-amino. 

2.4-diethylthiophene-3-amlno. 2.4-diethylpyridlne-2-amino. and the like 

The term "heterocycliccarbonyloxyalkyl" as used herein refers to 
R47-C(0)-0-R48- wherein R47 is a heterocyclic group and R48 Is an alkylene group 

The term "hydroxy" as used herein refers to -OH 

The term "hydroxyalkenyl" as used herein refers to an alkenyl radical to which 
IS appended a hydroxy group. 

The term "hydroxyalkoxy" as used herein refers to an alkoxy radical as 
previously defined to which is appended a hydroxy (-0H) group. Examples of 
hydroxyalkoxy include 3-hydroxypropoxy. 4-hydroxybutoxy and the like 

The term "hydroxyalkyi" as used herein refers to a loweralkyl radical to which 
«s appended a hydroxy group. 

The term "mercapto" as used herein refers to -SH. 
The terms "methylenedioxy" and "ethylenedioxy" refer to one or two carbon 
Chains respectively attached to the parent molecular moiety through two oxygen 
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atoms. In the case of methylenedioxy, a fused 5 membered ring is formed. In the 
case of ethylenedioxy, a fused 6 membered ring is formed. Methylenedioxy 
substituted on a phenyl ring results in the formation of a benzodioxolyl 

• Ethylenedioxy substituted on a phenyl ring results in the 

formation of a benzodioxanyl radical ^ 

The term "substantially pure" as used herein means 90% or more of the 
specified compound. 

The term "tetrazolyl" as used herein refers to a radical of the formula 

or a tautomer thereof. 

The term "tetrazolylalkoxy" as used herein refers to a tetrazolyl radical as 
defined above appended to an alkoxy group as defined above. Examples of 
tetrazolylalkoxy include tetrazolylmethoxy, tetrazolylethoxy and the like. 

The term "thioalkoxy" as used herein refers to R70S- wherein R70 is loweralkyl. 
Examples of thioalkoxy include, but are not limited to. methylthio. ethylthio and the 
like. 

The term "thioalkoxyalkoxy" as used herein refers to R71S-R72O- wherein R71 
is loweralkyl as defined above and R72 is alkylene. Representative examples of 
thioalkoxyalkoxy groups include CHgSCHgO-. CH3CH2SCH2O-. t-BuSCHaO- and 
the like. 

The term "thioalkoxyalkoxyalkyi" as used herein refers to a thioalkoxyalkoxy 
group appended to an alkyi radical. Representative examples of 
thioalkoxyalkoxyalkyi groups include CHaSCHgCHpOCHjCHp-, CH,SCH,OCHo- 
and the like. ^ ^ ^* 

The term "trans,trans" as used herein refers to the orientation of substituents 
(Ri and R2) relative to the central substituent R as shown ^ 
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The term "trans.cis" as used herein refers to the orientation of substituents (Ri 

H 



and R2) relative to the central substituent R as shown 

°^ ^ • This definition encompasses both the case where R and R2 are 

cis and R and Ri are trans and the case where R2 and R are trans and R and Ri are 
as. 

The term "cis.cis"as used herein refers to the orientation of substituents (Ri 
arid R2) relative to the central substituent R as shown 

h 



Representative compounds of the invention include: 

trans.trans- 2-(4-Methoxyphenyl)-4-(1 ,3-ben2odioxol-5-yl)-1 -((2,4,6- 

trimethyl)phenylaminocarbonylmethyl)-pyrrolidlne-3-carboxylic acid, 

frans,frans-2-(3-Fluoro-4-methoxyphenyl)-4-(1,3-ben20dioxol-5-yl)-1-((2,4,6- 
trimethyl)phenylaminocarbonylmethyl)-pyrrolidine-3-carboxylic acid, 

frarjs,frans-2-(4-Propoxyphenyl)-4-(l .3-benzodioxol-5-yl)-l -((2,4,6- 

trimethyl)phenylaminocarbonylmethyl)-pyrrolidine-3-carboxylic acid, 
fra/7s,fra/7s-2-(4-Methoxyphenyl)-4-(1 .3-ben2odioxol-5-yl)-1 -((2.6- 

diethyl)phenylaminocarbonylmethyl)-pyrrolidine-3-carboxylic acid. 
fra/7s./ra/7s-2-(4-Propoxyphenyl)-4-(1 ,3-ben20dioxol-5-yl)-1 -((2,6- 

diethyl)phenylaminocarbonylmethyl)-pyrrolidine-3-carboxylic acid, 
frans.fra/7s-2-(3-Fluoro-4-methoxyphenyl)-4-(1.3-benzodioxol-5-yl)-1-((2.6- 

diethyl)phenylaminocarbonylmethyl)-pyrroIidine-3-carboxylic acid. 
fra/7s,frans-2-(3-Fluoro-4-ethoxyphenyl)-4-(1.3-benzodioxol-5-yl)-l-((2,6-' 

diethyl)phenylaminocarbonylmethyl)-pyrrolidine-3-carboxylic acid, 
fra/7s.frans-2-(3-Fluoro-4-methoxyphenyl)-4-(7-methoxy-1.3-benzodioxol-5-yl)-l. 

((2,6-diethyl)phenylaminocarbony(methyl)-pyrrolidine-3-carboxylic acid. 
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frans,frans-2-(3-methoxy-4-propoxyphenyi)-4-(1,3-benzodioxol-5-yl)-1-((2,6- 

cliethylphenyl)aminocarbonylmethyl)-pyrrolidine-3-carboxylic acid. 
frans,frans-2-(4-ethoxyphenyl)-4-(1 ,3-benzodioxol-5-yl)-l -((2.6- 

diethylphenyl)aminocarbonylmethyl)-pyrro(idine-3-carboxylic acid, 
frans,fra/7s-2-(4-methoxyphenyl)-4-{1 ,3-benzodloxol-5-yl)-l -((2,6- 

dlmethylphenyl)aminocarbonylmethyl)-pyrrolidine-3-carboxylic acid, 
frans,fra/7s-2-{4-propoxyphenyl)-4-(7-methoxy-1.3-ben20dioxol-5-yl)-1-((2.6- 

diethylphenyl)aminocarbonylmethy!)-pyrrolidine-3-carboxylic add. 

fra/7s,frans-2-(3-methoxy-4-propoxyphenyl)-4-(7-methoxy-1,3-benzodioxol-5-yl)-1. 

((2.6-djethylphenyl)aminocarbonylmethyl).pyrrolidine-3-carboxylicacld. 
frans,rrans-2-(4-methoxyphenyl)-4-(1 .3-benzodioxol-5-yl)-1 -((2,6- 

dlbromo)phenylaminocarbonylmethyl)-pyrrolidine-3-carboxylic acid. 
[2f?,5a4S]2-(4-IVIethoxyptienyl)-4-(1 .3-benzodioxol-5-yl)-1 -(N-(2,6- 

diethyl)phenylaminocarbonylmethyl)-pyrrolidine-3-carboxylic acid. 
frans,frans-2-(4-methoxyphenyl)-4-(1 ,3-benzodioxol-5-yl)-1 -((2,6- 

dimethoxy)phenyiaminocarbonylmethyi)-pyrrolidlne-3-carboxylic acid, 
/ra/7s,frans-2-(4-methoxyplienyl)-4-(1 ,3-benzodioxol-5-yl)-1 -((4-bromo-2,6- ' 

diethyl)phenylamlnocarbonylmethyl)-pyrrolidine-3-carboxylic acid. 
frans,/rans-2-(4-methoxyphenyl)-4-(1 .3-benzodioxol-5-yl)-i -((2-ethyl-6- * 

methyl)phenylamlnocarbonylmethyl)-pyrrolidine-3-carboxylic acid. 
fraA7s.frarjs-2-(4-methoxyphenyl)-4-(1 ,3-benzodioxol-5-yl)-l -((2,4,6- 

trietliyl)phenylaminocarbonylmethyl)-pyrrolidine-3-carbo'xylic add. 
I2a5a4S]2-(4-Propoxyphenyl)-4-(1.3-benzodioxol-5-yl)-1-(N-(2,6- 

diethyl)phenylanninocarbonylmethyl)-pyrrolidine-3-carboxylic add. 
frans.frans-2-(4-methoxyphenyl)-4-(1,3-benzodioxol-5-yl)-1-((2.6- 

diisopropyl)phenylaminocarbonylmethyl)-pyrrolidlne-3-carboxylicadd, 
fra/7s,frans-2-(4-metlioxyphenyl)-4-(1,3-benzodioxol-5-yl)-1-((2.6-diethyl-4- 

metliyl)phenylaminocarbonylmethyl)-pyrrolidine-3-carboxylic add, 
[2a3fl.45l-2-(4-ethoxyphenyl)-4-(1.3-benzodioxol-5-yl)-1-((2.6- 

diethyl)phenylaminocarbonylmethyl).pyrrolidine-3-carboxylic add 
fra/7s.fraA7s-2-(4-methoxyphenyl)-4-(1,3-benzodioxol-5-yl)-l.((4-carboxy-2.6- 

diethyl)phenylaminocarbonylmetfiyl)-pyrroiidine-3-carboxylic add.' 
fra/7s,frans-2-(4-methoxyphenyl)-4-(1,3-benzodioxol-5-yl)-l-((4-nitro-2.6-' 

diethyl)phenylaminocarbonylmethyl)-pyrrolidine-3-carboxylic acid 
frans,/rans-2-(4-methoxyphenyl)-4-(l.3-benzodioxol-5-yl)-i-((2-isopropyl'-6- 

methyl)phenylaminocarbonylmethyl).pyrrolidine-3-carboxylic add. 
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f/-ans,frans-2-(4-Methoxyphenyl)-4-(1,3-benzoclioxol-5-yl)-1-(N-(2-ethyl-6- 

methoxy)phenylamlnocarbonylmethyl)-pyrrolidine-3-carboxylic acid, 
fra/is,frans-2-(4-isopropoxyphenyl)-4-(1,3-benzodioxol-5-yl)-1-(2,6- 

diethylphenylaminocarbonylmethyl)-pyrrolidine-3-carboxylic acid, 
fra/7s,frans-2-(2-fluoro-4-propoxyphenyl)-4-(1,3-benzodioxol-5-yl)-1-(2.6- 

diethylphenylaminocarbonylmethyl)-pyrrolidine-3-carboxylic acid, 
frans,frans-2-(4-(2-Methoxyethoxy)phenyl)-4-(l,3-benzodioxol-5-yl)-1-(2,6- 

diethylphenylaminocarbonylmethyl)-pyrrolidine-3-carboxylic acid, 
frans,rrans-2-(4-{2-Etlioxyethoxy)phenyl)-4-(1,3-benzodioxol-5-yl)-1-(2,6- 

diethylphenylaminocarbonylmetliyl)-pyrrolidine-3-carboxylic acid, 
[2R,3R,4S]-2-(4-(2-Metlioxyethoxy)phenyl)-4-(1,3-benzodioxol-5-yl)-1-(2, 6- 

dietliylplienylaminocarbonylmethyl)-pyrrolldine-3-carboxylic acid, 
[2R,3R,4S]-2-{4-(2-Etlioxyethoxy)phenyl)-4-(1 .3-benzodioxol-5-yl)-1 -(2, 6- 

diethylpiienylanninocarbonylmethyl)-pyrrolidine-3-carboxylic acid, 
frans,/ra/7s-2-(4-(2-isopropoxyethoxy)plienyl)-4-{1,3-benzodioxol-5-yl)-1-(2,6- 

diethylphenylaminocarbonylmethyl)-pyrroiidine-3-carboxylic acid, 
or a pharmaceutically acceptable salt thereof. 

Preferred compounds of the invention are selected from the group consisting 

of: 

fra/7s,frans-2-(4-Methoxyphenyl)-4-(1,3-benzodioxol-5-yl)-1-((2,6- 

diethyl)phenylaminocarbonylmethyl)-pyrrolidine-3-carboxylic acid; 
frans,frans-2-(4-Propoxyphenyl)-4-(1 ,3-benzodioxoI-5-yl)-1-((2,6- 

diethyl)phenylaminocarbonylmethyl)-pyrrolidine-3-carboxylic add; 
frans,frans-2-(3-Fluoro-4-methoxyphenyl)-4-(1,3-benzodioxol-5-yl)-1-({2,6- 

diethyl)phenylaminocarbonylmethyl)-pyrrolidine-3-carboxylic acid; 
frans,frans-2-(3-Fluoro-4-ethoxyphenyl)-4-{1 ,3-benzodioxol-5-yl)-1 -((2,6- 

diethyl)phenyiaminocarbonylmethyl)-pyrrolidine-3-carboxylic acid; 
fra;7S,frans-2-(3-Fluoro-4-methoxyphenyI)-4-(7-methoxy-1,3-benzodioxol-5-yl)-1- 
((2,6-diethyl)phenylaminocarbonylmethyl)-pyrrolidine-3-carboxylic acid; 
frans,frans-2-(3-methoxy-4-propGxyphenyl)-4-(1,3-benzodioxol-5-yl)-1-{(2,6- 

dietliyl)phenylaminocarbonylmethyl)-pyrrolidine-3-carboxylic acid; 
frans,frans-2-(4-ethoxyphenyl)-4-(1,3-benzodioxol-5-yl)-1-((2,6- 

diethyl)phenylaminocarbonylmethyl)-pyrrolidine-3-carboxylic acid; 
frans,frans-2-(4-propoxyphenyl)-4-(7-methoxy-1.3-benzodioxol-5-yl)-1-((2,6- 

diethyl)phenylaminocarbonylmethyl)-pyrrolidine-3-carboxylic acid 



( 
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frans,frans-2-(3-methoxy-4-propoxyphenyl)-4-(7-methoxy-1,3-benzoclioxol-5-yl)-l- 

((2,6-diethyl)phenylaminocarbonylmethyl)-pyrrolidjne-3-carboxylic acid; 
t2/=?,3a4Sl2-(4-Methoxyphenyl)-4-{1 ,3-benzodioxol-5-yl)-l-(N-(2,6- 

diethyl)phenylaminocarbonylmethyl)-pyrrolidine-3-carboxylic acid, 
[2/?,3a4S]2-(4-Propoxyphenyl)-4-{1,3-ben20dioxol-5-yl)-1-(N-(2,6- 

dietliyl)phenylaminocarbonylmethyl)-pyrrolidine-3-carboxylic acid; and 
[2a3/?,4S]-2-(4-ethoxyphenyl)-4-(1,3-ben2odioxol-5-yl)-1-((2,6- 

diethyl)phenylaminocarbonylmethyl)-pyrrolidine-3-carboxylic acid, 
frans,frans-2-(4-isopropoxyplienyl)-4-(1 ,3-benzodioxol-5-yl)-1-(2,6- 

dietiiylphenylaminocarbonylmethyl)-pyrrolidine-3-carboxylic acid, 
frans,frar7s-2-(2-fluoro-4-propoxyphenyl)-4-(1,3-benzodioxoi-5-yl)-1-(2,6- 

dietliylphenylaminocarbonylmetliyl)-pyrrolidine-3-carboxylic acid, 
fra/7S,frans-2-(4-{2-Metiioxyethoxy)phenyl)-4-(1,3-benzodioxol-5-yi)-1-(2,6- 

dietliylphenylaminocarbonylmethyl)-pyrrolidine-3-carboxylic acid, 
ffans,frans-2-(4-(2-Ethoxyethoxy)plienyl)-4-(1,3-benzodioxol-5-yl)-1-(2,6- 

diethylphenylaminocarbonylmethyl)-pyrrolidine-3-carboxylic acid, 
[2R.3R,4S]-2-(4-{2-iVlethoxyethoxy)plienyl)-4-(1,3-ben20dioxol-5-yl)-1-(2, 6- 

dietliylphenylaminocarbonyImetliyl)-pyrrolidine-3-carboxylic acid, 
[2R,3R,4S]-2-{4-(2-Ethoxyethoxy)phenyl)-4-(1 ,3-benzodioxol-5-yl)-1 -(2, 6- 

dietliylplienylaminocarbonylmethyl)-pyrrolidine-3-carboxylic acid, 
frans,frans-2-(4-{2-isopropoxyethoxy)phenyl)-4-(1,3-benzodioxol-5-yl)-1-(2,6- 

dietiiylplienylaminocarbonylmethyl)-pyrrolidine-3-carboxylic acid, 
or a pharmaceutically acceptable salt thereof. 

Most preferred are the compounds: 
fra/7s,fraA7S-2-(4-Propoxyphenyl)-4-{1,3-benzodioxol-5-yl)-1-((2,6- 
diethyl)phenylaminocarbonylmethyl)-pyrrolidine-3-carboxylic acid; 
[2fl,3a4Sl2-(4-Methoxyphenyl)-4-(1,3-benzodioxol-5-yl)-1-(N-{2,6- 

diethyl)phenylaminocarbonylmethyl)-pyrrolidine-3-carboxylic acid; 
[2f?,5a4S]2-(4-Propoxyphenyl)-4-(1,3-benzodioxol-5-yl)-1-{N-(2,6- 

diethyl)phenylaminocarbonylmethyl)-pyrrolidine-3-carboxylic acid; and 
[2a3f?,4S]-2-(4-ettioxyphenyl)-4-(1,3-benzodioxol-5-yl)-1-((2.6- 

diethyl)phenylaminocarbonylmethyl)-pyrrolidine-3-carboxylic acid; 
frans,fra/7S-2-(4-(2-Methoxyethoxy))-4-(1,3-ben2odioxol-5-yl)-l-(2.6- 

diethylphenylaminocarbonylmethyl)-pyrrolidine-3-carboxylic acid, 
f/a/is,frans-2-(4-(2-Methoxyethoxy)phenyl)-4-(l,3-benzodioxol-5-yl)-l-(2.6- 

diethylphenylaminocarbonylmethyl)-pyrrolidine-3-carboxylic acid. 
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f/a/7s,fra/Js-2-(4-(2-Ethoxyethoxy)phenyl)-4-(1.3-benzodioxol-5-yl)-1-(2,6- 

diethylphenylaminocarbonylmethyl)-pyrrolicline-3-carboxylic acid, 
[2R,3R.4S]-2-(4-(2-Methoxyethoxy)phenyl)-4-(1 .3-benzodioxol-5-yl)-1 -(2, 6- 

diethylphenylaminocarbonylmethyl)-pyrrolidine-3-carboxylic acid, 
5 [2R,3R.4S]-2-(4-(2-Ethoxyethoxy)phenyl)-4-(1 .3-benzodioxol-5-yl)-1 -(2. 6- 

diethylphenylaminocarbonylmethyl)-pyrrolidine-3-carboxy!lc acid, 
frans,frans-2-(4-{2-lsopropoxyetlioxy)phenyl)-4-(1,3-benzodioxoi-5-yl)-1-(2,6- 

dietliylphenylamlnocarbonylmetliyl)-pyrrolidine-3-carboxylic acid, 
or a pharmaceutically acceptable salt thereof. 

0 

Methods for preparing the compounds of the invention are shown in Schemes 

l-VII. 

Scheme I illustrates the general procedure for preparing the compounds of the 
invention when m is 0 and W is -CO2H. A p-ketoester 1, where E is loweralkyi or a 

5 carboxy protecting group, is reacted with a nitro vinyl compound g, in the presence of 
a base (for example. 1 ,8-diazabicyclo[5.4.0]undec-7-ene (DBU) or sodium ethoxide 
or sodium hydride and the like) in an inert solvent such as toluene, benzene, 
tetrahydrofuran or ethanol and the like. The condensation product a is reduced (for 
example, by hydrogenation using a Raney nickel or platinum catalyst). The resulting 

0 amine cyclizes to give the dihydro pyrrole 4. Reduction of 4 (for example, sodium 
cyanoborohydride or catalytic hydrogenation and the like) in THF solvent or the like 
gives the pyrrolidine compound i as a mixture of cis-cis, trans,trans ar\6 cis,trans 
products. Chromatographic separation removes the cis-cis isomer leaving a mixture 
of the trans,trans and cisjrans isomers which is further elaborated. The cis-cis 

5 isomer can be epimerized (for example, using sodium ethoxide in ethanol or DBU in 
toluene) to give the trans.trans isomer and then carried on as described below. The 
pyrrolidine nitrogen is (1) acylated or sulfonylated with R3-X (R3 is R4-C(0)- or 
R6-S(0)2- and X is a leaving group such as a halide (CI is preferred) or X taken 
together with R4-C(0)- or R6-S(0)2- forms an activated ester including esters or 

0 anhydrides derived from formic acid, acetic acid and the like, alkoxycarbonyl halides, 
N-hydroxysuccinimide, N-hydroxyphthalimide, N-hydroxybenzotriazole, N-hydroxy-5- 
norbornene-2,3-dicarboxamide, 2,4.5-trichlorophenol and the like) or (2) alkylated 
with R3-X where X is a leaving group (for example. X is a halide (for example, CI. Br 
or I) or X is a leaving group such as a sulfonate (for example, mesylate, tosylate. 

5 triflate and the like)) in the presence of a base such as diisopropyl ethylamine or 
triethylamine and the like to give the N-derivatized pyrrolidine £ which is still a 
mixture of trans,trans and cis.trans isomers. Hydrolysis of the ester fi (for example. 
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using a base such a sodium hydroxide in EtOH/H20) selectively hydrolyzes the 
trans,trans ester to give a mixture of Z and 8, which are readily separated. 

Many of the p-ketoester starting materials employed in the preparation of the 
compounds of the present invention are commercially available. They may also be 
5 prepared using the methods indicated in Scheme VIII. In the method of Scheme 

Vlll(a), an aromatic, heteroaromatic, or a- quarternary methyl ketone is deprotonated 
(e.g.. with sodium hydride or lithium diisopropylamide) and treated with a reagent 
capable of transferring a carboalkoxy group (e.g., diethyl carbonate, methyl 
chloroformate, or di-tert-butyldicarbonate). Alternatively, as shown in Scheme Vlll(b), 

10 a carboxyiic acid may be activated (e.g., with carbonyldiimidazole or oxalyl chloride) 
and treated with an acetate equivalent (e.g., ethyl lithioacetate, magnesium 
methylmalonate, or Meldrum's acid followed by thermal alcoholysis). 

A preferred embodiment is shown in Schemes II and III. A benzoyl acetate 
such as 26 or 4-(2-methoxyethoxy)benzoyl acetate is reacted with a nitro vinyl 

15 benzodioxolyl compound 27 using 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) as the 
base in toluene to give compound 28. Catalytic hydrogenation using Raney nickel 
leads to reduction of the nitro group to an amine and subsequent cyclization to give 
the dihydropyrrole 22. The double bond is reduced with sodium cyanoborohydride to 
give the pyrrolidine compound 2Q as a mixture of cis-cis, trans, trans and cisjrans 

20 isomers. Chromatography separates the cis-cis isomer, leaving a mixture of the 
trans,trans and cisjrans isomers (31) . 

Scheme III illustrates the further elaboration of the trans,trans isomer. The 
mixture (31) of trans.trans and cis.trans pyrrolidines described in Scheme IV is 
reacted with Br-CH2C(0)NHR4 in acetonitrile in the presence of 

25 ethyldiisopropylamine to give the alkylated pyrrolidine compound 32, still as a 
mixture of trans.trans and cis^trans isomers. Sodium hydroxide in ethanol-water 
hydrolyzes the ethyl ester of the trans.trans compound but leaves the ethyl ester of 
the cis.trans compound untouched, thus allowing separation of the trans,trans 
carboxyiic acid 33 from the cisMans ester 34. 

30 Scheme IV illustrates the preparation of compounds where W is other than 

carboxyiic acid. Compound 55, which can be prepared by the procedures described 
in Scheme I, is converted (for example, using peptide coupling condition, e.g. N- 
methylmorpholine. EDCI and HOBt, In the presence of ammonia or other amide 
forming reactions) to give carboxamide 56. The carboxamlde is dehydrated (for 

35 example, using phosphoais oxychloride in pyridine) to give nitrile S7. Nitrile 5Z 
under standard tetrazole-forming conditions (sodium azide and triethylamine 
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hydrochloride or trimethylsilylazide and tin oxide) is reacted to give tetrazole £g. 
Alternatively nitrile 52 is reacted with hydroxylamine hydrochloride in the presence of 
a base (for example, potassium carbonate, sodium carbonate, sodium hydroxide, 
triethylamine, sodium methoxide or NaH) in a solvent such as DMF, DMSO, or 
5 dimethylacetamide to give amidoxime 5£. The amidoxime is allowed to react with 
a methyl or ethyl chloroformate in a conventional organic solvent (such as, 
chloroform, methylene chloride, dioxane, THF, acetonitrile or pyridine) in the 
presence of a base (for example, triethylamine, pyridine, potassium carbonate and 
sodium carbonate) to give an 0-acyl compound. Heating of the O-acyl amidoxime in 

10 an inert solvent (such as benzene, toluene, xylene, dioxane, THF, dichloroethane, or 
chloroform and the like) results in cyclization to compound Alternatively reacting 
the amidoxime 53 with thionyl chloride in an inert solvent (for example, chloroform, 
dichloromethane, dioxane and THF and the like) affords the oxathiadiazole £1- 

Scheme V illustrates a method for synthesizing pyrrolidines by an azomethine 

15 ylide type [3+2]-cycloaddition to an acrylate. General stmctures such as compound 
2Q are known to add to unsaturated esters such as 21 to provide pyrrolidines such as 
compound 22 (O. Tsuge, S. Kanemasa, K. Matsuda, Chem. Lett. 1131-4 (1983), O. 
Tsuge, S. Kanemasa, T. Yamada, K. Matsuda, J. Org. Chem. 52 2523-30 (1987), and 
S. Kanemasa, K. Skamoto, O. Tsuge, Bull. Chem. Soc. Jpn. g£ 1960-68 (1989)). 

20 Silylimine 23 is reacted with acrylate 24 in the presence of trimethylsilyl triflate and 
tetrabutylammonium fluoride to give the desired pyrrolidine 75 as a mixture of 
isomers. This method can be modified to provide the N-acetamido derivatives 
directly by reacting 23 and 24 with the appropriate bromoacetamide (for example, 
dibutyl bromoacetamide) in the presence of tetrabutylammoniuni iodide and cesium 

25 fluoride to give compound 76. 

Scheme VI illustrates a method for producing an enantiomerically pure 
pyrrolidine 50, which can be further elaborated on the pyrrolidine nitrogen. 
Intermediate racemic pyrrolidine ester 22 (for example, prepared by the procedure 
described in Scheme V) is Boc-nitrogen protected (for example, by treatment with 

30 B0C2O) and then the ester is hydrolyzed (for example, using sodium or lithium 

hydroxide in ethanol and water) to give t-butyl carbamoyl pyrrolidine carboxylic acid 
2fi. The carboxylic acid is converted to its (+)-a-methylbenzylamine salt, which can 
be recrystallized (for example from ethyl acetate and hexane or chloroform and 
hexane) to afford the diastereomerically pure salt. This diastereomerically pure salt 

35 can be neutralized (for example, with sodium carbonate or citric acid) to afford 
enantiomerically pure carboxylic acid 29. The pyrrolidine nitrogen can be 
deprotected (for example, using trifluoroacetic acid) and the ester reformed by the 
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use of ethanolic hydrochloric acid to give salt SQ. Alternatively one can use ethanolic 
HCI to cleave the protecting group and form the ester in one step. The pyrrolidine 
nitrogen can be further elaborated (for example, by treatment with the 2,6- 
diethylbenzamide of bromoacetic acid in acetonitrile in the presence of 
5 diisopropylethylamine) to give optically active compound M. The use of (-)-a- 

methylbenzylamine will give the opposite enantiomer. Other optically active amines 
may also be employed. 

A preferred process is shown in Scheme VII. Nitro vinyl compound (£8) is 
reacted with |3-l<eto ester fil in the presence of a base such as sodium ethoxide and 

10 the like or a trialkylamine such as triethylamine or diisopropylethylamine and the like 
or an amidine such as DBU and the like In an inert solvent such as THF, toluene, 
DMF, acetonitrile, ethyl acetate, isopropyl acetate or methylene chloride and the like 
at a temperature of from about 0° C to about 100° C for a period of time from about 15 
minutes to overnight to give compound 9Q. Reduction of the nitro group followed by 

15 cyclization was effected for example by catalytic hydrogenation with a hydrogen 

pressure of from about atmospheric pressure to 300 p.s.i. over from about 1 hour to 
about 1 day of compound fifl In an inert solvent such as THF, ethyl acetate, toluene, 
ethanol, isopropanol, DMF or acetonitrile and the like, using a hydrogenation catalyst 
such as Raney nickel, palladium on carbon, a platinum catalyst, such as platinum 

20 oxide, platinum on caribon or platinum on alumina and the like, or a rtiodium catalyst, 
such as rhodium on carbon or rhodium on alumina and the like, and the like affords 
intermediate nitrone 91a or a mixture of nitrone 91a and imine 91b . The reaction 
mixture comprising the nitrone or nitrone/imine mixture is treated with an acid such as 
trifluoroacetic acid or acetic acid or sulfuric acid or phosphoric acid or 

25 methanesulfonic acid and the like, and the hydrogenation is continued to give 

pyrrolidine compound 2£ as the cis,cis-isomer. Epimerization at C-3 is effected by 
treatment of compound S£ with a base such as sodium ethoxide, potassium t- 
butoxide, lithium t-butoxide or potassium t-amyloxide and the like or a trialkylamine 
such as triethylamine or diisopropylethylamine and the like or an amidine such as 

30 DBU and the like in an inert solvent such as ethanol, ethyl acetate, isopropyl acetate, 
THF, toluene or DMF and the like at a temperature of from about -20° C to about 1 20° 
C to give the trans,trans compound 93. Compound 92 itself can optionally be 
resolved into enantiomers prior to reacting with X-R3. The substantially pure (i.e., at 
least 95% of the desired isomer) optically active (+)-isomer of compound is 

35 obtained by treatment of a mixture of the (+)-isomer and the (-)-isomer of 33 with S- 
(+)-mandelic acid, D-tartaric acid or D-dibenzoyI tartaric acid or the like in a solvent 
such as acetonitrile, ethyl acetate, isopropyl acetate, ethanol or isopropanol and the 
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like. The (+)-isomer of selectively crystallizes as the salt, leaving the (-)-isomer of 
93 in solution. Alternatively, the substantially pure (i.e., at least 95% of the desired 
isomer) optically active (-)-isomer of compound 31 can be selectively crystallized by 
reaction of a mixture of the (+)-isomer and the (-)-isomer of 23 with L-tartaric acid, L- 
dibenzoyl tartaric acid or L-pyroglutamic acid and the like, leaving the desired (+)- 
isomer of compound 93 in solution. 

Compound £3 (racemic or optically active) is reacted with X-R3 (where X is a 
leaving group (for example, a halide or a sulfonate) and R3 is as previously defined) 
using a base such as diisopropylethylamine, triethylamine, sodium bicarbonate or 
potassium carbonate and the like in an inert solvent such as acetonitrile, THF, 
toluene, DMF or ethanol and the like at a temperature of from about 0"" C to about 
100*" C to give the intermediate ester 94. The ester can be isolated or converted in 
situ to the carboxylic acid (25) using hydrolysis conditions such as a base such as 
sodium hydroxide or lithium hydroxide or potassium hydroxide and the like in a 
solvent such as ethanol-water or THF-ethanol and the like. 



I 
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Scheme II 




Cis-Cis + Mixture of Trans-Trans and Cis-Trans 
.31 



pwennnirv 



wo 98/57933 



( 



PCTAJS98/11821 



Scheme Hi 
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Scheme IV 
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SCHEMEVIII. 

Scheme Villa. 
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Compounds which are useful as intermediates for the preparation of 
compounds of the invention are: 




wherein 
misOto6; 

W is (a) -C(0)2-G where G is hydrogen or a carboxy protecting group, (b) -PO3H2. 

(c) -P{0)(OH)E where E is hydrogen, loweralkyi or arylalkyi 

(d) -CN, 

(e) -C(0)NHRi7 where R17 is loweralkyi, 

(f) alkylaminocarbonyl, 

(g) dialkylaminocarbonyl, 

(h) tetrazolyl, 

(i) hydroxy, 
G) alkoxy, 

(k) sulfonamide, 

(1) -C(0)NHS(0)2Ri6 where R16 is loweralkyi, haloalkyi, phenyl or 

dialkylamino, 

(m) -S(0)2NHC(0)Ri6. 
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Ri and R2 are independently selected from hydrogen, loweralkyi, alkenyl, alkynyl, 
alkoxyalkyi, alkoxycarbonylalkyi, hydroxyalkyi, haloalkyl. haloalkoxyalkyi, 
alkoxyalkoxyalkyl. thioalkoxyalkoxyalkyi, cycloalkyi, cycloalkylalkyi, 
aminocarbonylalkyi, alkylaminocarbonylalkyi, dialkylamlnocarbonylalkyi, 
aminocarbonylalkenyl, alkylaminocarbonylalkenyl, dialkylaminocarbonylalkenyl, 
hydroxyalkenyl. aryl. arylalkyi, aryloxyalkyi, arylalkoxyalkyi, heterocyclic, 
(heterocycllc)alkyl and 

(Raa)(f^bb)N-Rcc- wherein Rga is aryl or arylalkyi, R^,^ is hydrogen or alkanoyi and R, 
is alkylene, with the proviso that one or both of R^ and Rg is other than hydrogen; 
or a salt thereof; 

and a compound of the formula: 



( 
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(IV) 



wherein n is 0 or 1 ; 
m is 0 to 6; 

W is (a) -C(0)2-G where G Is hydrogen or a carboxy protecting group 

(b) -PO3H2, 

(c) -P(0)(OH)E where E is hydrogen, loweralkyi or arylalkyi 

(d) -CN, 

(e) -C(0)NHRi7 where R17 is loweralkyi, 

(f) alkylaminocarbonyl. 

(g) dialkylaminocarbonyl, 

(h) tetrazolyl, 

(i) hydroxy, 
G) alkoxy, 

(k) sulfonamido, 

(I) -C(0)NHS(0)2Ri6 where R16 Is loweralkyi, haloalkyi, phenyl or 

dialkylamino, 

(m) -S(0)2NHC(0)Ri6. 
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O 



(r) 



(q) 




(s) 




.s«o 




NHSOgCFa 



, or 



and 



Ri and R2 are independently selected from hydrogen, loweralkyi, alkenyl, alkynyl, 
alkoxyalkyi, alkoxycarbonylalkyl, hydroxyalkyi, haloalkyi, haloalkoxyalkyi, 
alkoxyalkoxyalkyi, thioalkoxyalkoxyalkyi, cycloalkyi, cycioalkylalkyi, 
aminocarbonylalkyl, alkylaminocarbonylalkyi, dialkylamlnocarbonylalkyi, 
aminocarbonylalkenyl, alkylaminocarbonylalkenyl, dialkylaminocarbonylalkenyl, 
hydroxyalkenyl, aryl. arylalkyi, aryloxyalkyi, arylalkoxyalkyi, heterocyclic. 
(heterocyclic)alkyl and 

(Raa)(Rbb)N-Rcc- wherein Rgg is aryl or arylalkyi, R,,^ is hydrogen or alkanoyi and 
is alkylene, with the proviso that one or both of R., and Rg is other than hydrogen; 
or a salt thereof. 

Preferred intermediates include compounds of formula (III), (IV) and (V) 
wherein 
m is zero or 1 ; 

W is -CO2-G wherein G is hydrogen or a carboxy protecting group, 

and Ri and R2 are as defined above; or 

the substantially pure (+)- or (-)-isomer thereof. 

Particularly preferred intermediates are compounds of formula (III), (IV) and (V) 
wherein 

m is 0; 

W is -CO2-G wherein G is hydrogen or a carboxy protecting group; 



( 
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and Ri is (i) alkoxyalkylalkyi, (ii) cycloalkyi, (iii) phenyl, (iv) pyridyl, (v) furanyl or (vi) 
substituted or unsubstituted 4-methoxyplienyl, 4-fluorophenyl, 2-fluorophenyl, 4- 
trifluoromethylphenyl, 4-ethoxyphenyl, 3-fluoro-4-methoxyplienyl, 3-fluoro-4- 
ethoxyphenyl, 4-propoxyplienyl, 4-isopropoxyphenyl, 2-fluoro-4-ethoxyplienyl, 4-(2- 
methoxyethoxy)phenyl, 4-{2-ethoxyethoxy)phenyl, 4-(2-isopropoxyethoxy)phenyl, 3- 
fluoro-4-propoxyplienyl, 3-methoxy-4-propoxyphenyl. 4-pentafluoroethylphenyl, 4- 
methoxymetlioxyphenyl, 4-hydroxyphenyl, 1 ,3-benzodioxolyl, 7-metiioxy-1 ,3- 
benzodloxolyl, 1 ,4-benzodioxanyl or dihydrobenzofuranyl wherein the substituent is 
selected from alkoxy, alkoxyalkoxy and carboxyalkoxy and Rg is 1 ,3-benzodioxolyl, 

1 ,4-benzodioxanyl, dihydrobenzofuranyl, benzofuranyl, 4-methoxyphenyl, 
dimethoxyphenyl, fluorophenyl or difluorophenyl; or 
the substantially pure (+)- or (-)-isomer thereof. 

The foregoing may be better understood by reference to the following 
examples which are provided for illustration and not intended to limit the scope of the 
inventive concept. The following abbreviations are used: Boc for tert- 
butyloxycarbonyl. Cbz for benzyloxycarbonyl, DBU for 1 .8-dia2abicyclo[5.4.0]undec- 
7-ene, EDCI for 1-(3-dimethylaminopropyl-3-ethylcarbodiimide hydrochloride, EtOAc 
for ethyl acetate, EtOH for ethanol, HOBt for 1-hydroxybenzotriazole, EtaN for 
triethylamine, TFA for trifluoroacetic acid and THF for tetrahydrofuran. 



Example 1 

trans.trans- 2-(4-Methoxvphenvn-4-n .S-benzodioxol-S-vn-l -((2.4.6- 
trimethvl)Phenvlaminocarbonvlmethvn-pvrrolidine -3-carboxvlin arid 

Example 1A 

Ethvl 2-(4-methnyybenzovh-4- nltromethvl-.?-(1.3-benzndioxole-5-vnhiJtvratR 
To ethyl (4-methoxybenzoyl)acetate (23.0 g, 0.104 mol), prepared by the 
method of Krapcho etal.. Org. Syn. 47, 20 (1967). and 5-(2-nitrovinyl)-l .3- 
benzodioxole (17.0 g, 0.088 mol) dissolved in 180 mL of toluene and heated to 80 °C 
was added 1 ,8-diazabicyclo[5.4,0] undec-7-ene (DBU, 0.65 g) with stirring. The 
mixture was healed until all the nitro starting material dissolved. The solution was 
stirred without heating for 30 minutes and then an additional 0.65 g of DBU was 
added. After stirring an additional 45 minutes, thin layer chromatography (5% ethyl 
acetate in methylene chloride) indicated the absence of nitro starting material. 
Toluene (200 mL) was added, and the organic phase was washed with dilute 
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hydrochloric acid and NaCI solution. The organic phase was dried over sodium 
sulfate and then concentrated under reduced pressure. The residue obtained was 
chromatographed on silica gel eluting with 3:1 hexane-ethyl acetate to give 21.22 g 
of the desired product as a mixture of isomers and 9.98 g. of recovered ethyl (4- 
5 methoxybenzoyl)acetate. 

Examplfi 1R 

^thVl 2-f4-methoxvphenvn-4-M.3-ben7nftin x o|.5-vh-4 fi-riihvdrQ-3H-pvrrnla-r^- 

carboxylatft 

10 The compound resulting from Example 1A (21 g) in 500 mL of ethanol was 

hydrogenated under 4 atmospheres of hydrogen pressure using a Raney nicl^el 2800 
catalyst (51 g). (The Raney nickel was washed with ethanol three times before use.) 
The catalyst was removed by filtration, and the solution was concentrated under 
reduced pressure. The residue obtained was chromatographed on silica gel eluting 

15 with 8.5% ethyl acetate in methylene chloride to give 1 2.34 g of the desired product. 

Example in 

EthYl 2-(4-meth0XVDhenvl-4-( 1 ■3-ban?nfli n xol-5.vn.pvrrolidine-a-narhnYY|f ^t ft) 
as a mixture of cis-cis: t rans tmnft- and cis.tran/;.\ftnf^^f^ 

20 The compound resulting from Example 1 B (11 .89 g. 0.324 mol) was dissolved 

in 27 mL of tetrahydrofuran and 54 mL of ethanol. Sodium cyanoborohydride (2.35 
g, 0.374 mol) and 5 mg bromocresol green were added. To this blue solution was 
added dropwise a solution of 1 :2 concentrated HCI in ethanol at such a rate that the 
color was kept at light yellow-green. After the yellow color persisted without 

25 additional HCI, the solution was stirred an additional 20 minutes. The solution was 
concentrated in vacuo and then partitioned between chloroform and an aqueous 
potassium bicarbonate solution. The organic phase was separated, dried over 
sodium sulfate, and concentrated under reduced pressure. The residue was 
chromatographed on silica gel eluting with 85:15 ethyl acetate-hexane to give 5.96 g. 

30 of a mixture of 64% frans,?rans-compound and 34% c/s.f/ans-compound. Further 

elution with pure ethyl acetate gave 0.505 g of an unknown solid followed by 3.044 g 
of pure c/s,c/s-compound. 

Example 1P 
N-f2.4.6-Trimethvlphpn vn bromoacetanr^j i^fff 
To a stirred solution of 2,4,6-trimethylaniline (1 g, 7.40,mmol) in methylene 
chloride (25 mL) at -50 °C was added successively A/./V-diisopropylethylamine (1.58 
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mL, 8.14 mmol, 1.1 eq) and bromoacetyl bromide (0.72 mL, 7.40 mmol, 1 eq) such 
that the temperature did not exceed -40 °C. On completion of the addition, the 
cooling bath was removed, and the reaction mixture was allowed to warm to room 
temperature. After stirring for a further 30 minutes, the mixture was diluted with ether 
5 (70 mL) and poured into 1 N sodium bisulfate solution. The phases were separated, 
and the upper layer was washed successively with water and brine. The organic 
phase was dried (Na2S04) and the solvent evaporated to half volume, at which point 
the product crystallized. The crystals were removed by vacuum filtration to afford the 
title compound (1 .51 g, 80%). 

10 

Example IE 

frans.frans-2-r4-MethoxvDhen vn-4-f1.3-hRnzodioxol-5-vlVl-ff2.4.6- 
trimethvnDhenvlaminocarbQn vlmethvn-pYrrolidine-3-narboxvlic acid 
The mixture of 64% transjrans- and 34% c/s,frans-pyrrolidines (the mixture 

15 resulting from Example 1C) (5.72 g. 15.50 mmol), ethyldiisopropylamine (4.20 g, 

32.56 mmol), and the compound resulting from Example 1D (19.0 mmol) in 30 mL of 
acetonitrile was heated at 50 °C for 1 hour. The solution was concentrated in vacuo. 
The residue was dissolved in toluene, shaken with potassium bicarbonate solution, 
dried over sodium sulfate and concentrated in vacuo to give the product as a mixture 

20 of trans,trans- and ds.trans- ethyl esters. 

This mixture was dissolved in a solution of 50 mL of ethanol and 15 mL of 
water containing 5.00 g of sodium hydroxide and stirred for 3 hours at room 
temperature. The solution was concentrated in vacuo and 60 mL of water added. 
The mixture was extracted with ether to remove the unreacted ds.trans- ethyl ester. 

25 The aqueous phase was treated with hydrochloric acid until slightly cloudy. It was 
then further neutralized with acetic acid to give the cmde acid product. The crude 
product was filtered and purified by dissolving it in tetrahydrofuran. drying over 
sodium sulfate, concentrating in vacuo, and crystallizing from ether to give the title 
compound. 1H NMR (300MHz, CDCI3) 5 8.22 (1H, bs), 7.78 (2H. d, J=8Hz), 6.95 (5H. 

30 m), 6.82 (1 H, bd. J=8Hz), 6.77 (1 H. d. J=8Hz). 5.96 (2H, s), 3.97 (1 H, bd, J=10Hz), 
3.81 (3H. s), 3.70 (1 H. ddd, 6. 5&3Hz). 3.57 (bdd. 10&3Hz). 3.45 (1 H, d, J=16Hz), 
3.13 (2H. m), 2.24 (3H, s), 2.06 (6H. s). MS (DCI. NH3) m/e 517 (M+H+). Anal. Calc 
for C30H32N2O6 • O.5H2O: C. 68.56. H. 6.33, N 5.33. Found: C, 68.84, H, 6.20. N. 
5.31 



35 
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Example P 

fr^ns.r/p/7g-g-f3-Fluoro-4-methoxvphenvh-4-(i f ^-benzodioxol-S-vh-l -((P a , r. 
trimethvnDhenvlaminQcarbnnvlmathvn.pY rrolidine-3-carboxvlic aniri 
The title compound was prepared by the procedures described In Example 1. 
1H NMR (300MHz, CDCI3) 5 8.22 (1H. bs), 7.21 (1H. dd. J=12&2Hz). 7.12 (1H, bd. 
J=8Hz), 6.95 (1 H, t. 8Hz). 6.90 (2H. bs), 6.84 (1 H, d, J=2Hz). 6.80 (1 H. dd, J=8&3Hz). 
6.76 (1H. d. J=8Hz). 5.93 (2H, s), 3.96 (1H, d. J=10Hz). 3.89 (3H, s), 3.70 (1H. ddd. 6, 
5&3HZ), 3.56 (1H, dd, 1 1&5Hz). 3.45 (1H. d. J=16Hz), 3.10 (1H. t, J=10Hz), 3.07 (IH,' 
dd. 8&6HZ), 3.02 (IH. d, J=16Hz), 2.17 {3H, s), 2.07 {6H, s). MS (DCI, NH3) m/e 535 
(M+H+). Anal. Calc for C30H31FN2O6 • O.75H2O ; C. 65.74. H. 5.98. N 5.1 1. Found: 
C. 65.96, H, 5.88, N, 5.16 

Example 3 

fra/7S.frans-2-f4-PrQDOxvp henvn-4-n .3-benzodinyol-5-vh-1-((? 4 . fi. 
trlmethvnDhenvlaminonarbonvlmethvl VpvrrnlidinP-3-carbQyylin a^ i^^ 
The title compound was prepared by the procedures described in Example 1 
1H NMR (300MHz. CDCI3) 5 8.21 (1 H. bs). 7.38 (2H. d, J=8Hz). 6.90 (2H. d. J=8Hz). 
6.89 (2H, d, 3Hz). 7.83 (1 H. dd, J=8&2Hz). 6.75 (1 H, d, J=8Hz). 5.94 (1 H. d, J=3Hz). 
5.93 (1H. d, J=3Hz). 3.96 (IH. d, J=10Hz). 3.85 {2H. q. J=7Hz). 3.70 (IH. ddd. 6. 
5&3HZ). 3.58 (1H, dd, 11&5Hz). 3.48 (1H,d. J=16Hz). 3.15 (IH. dd. 8&6Hz). 3.13 
(IH, t, J=10Hz), 2.99 (IN. d, J=16Hz). 2.25 (3H, s). 2.05 (6H. s). 1.81 (2H. sext, 
J=7Hz), 1.04 (3H, t, J=7Hz).. MS (DCI, NH3) m/e 545 (M+H+). Anal. Calc for 
C32H36N2O6 • O.33H2O: C. 69.79, H, 6.71, N 5.09, Found: C, 69.78. H. 6.73. N. 4.81 

Example 4 

frans.frans-2-(4-MethoxvnhfinvlV4.n ■q.h Qn2Qdinxnl-gi-vn~i.rr2.6- 
diethvnphenvlaminocarhnnvlmethvM-pYr rolidina..?.rqrboxvllc acid 
The title compound was prepared by the procedures described in Example 1 . 
1H NMR (300MHz. CDCI3) 5 8.24 (1 H. bs), 7.39 (2H, d, J=8Hz), 7.21 (1 H. dd, 8&6H2), 
7.1 1 (2H. d. J=8Hz). 6.92 (2H. d. 8Hz), 7.89 (1 H, d, J=3Hz), 7.82 (1 H, dd, J=8&2Hz). 
6.75 (IH, d. J=8Hz), 5.94 (IH. d. J=3Hz). 5.93 (IH. d. J=3Hz), 3.96 (IH. d, J=10Hz), 
3.82 (3H. s). 3.70.(1 H, ddd. 6. 5&3Hz), 3.56 (IH, dd. 11&5Hz), 3,45 (IH, d. J=16Hz). 
3.15(1H.dd.8&6Hz).3.13(1H,t. J=10Hz).3.01 (1H. d, J=16Hz). 2.42 (4H. q, 
J=7Hz), 1.08 (6H. t, J=7Hz). MS (DCI, NH3) m/e 559 (M+H4+). 531 (M+H+)! Anal. 
Calc for C31H34N2O6: C. 70.17, H, 6.46, N 5.28, Found: C. 69,88. H, 6.42, N, 5.09. 
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Example 

frans.fran.«>-?-f4-Propoxvphenvn-4.M ■•^-hpn ^odioxoi-S-vn-l -(^P R- 
digthvl)phfinvlaminocarhonvlmethyn-p YrrotiriinP-a-^arbQxvlic aniri 
The title compound was prepared by the procedures described in Example 1 
1H NMR (300MHz, CDCI3) 5 8.27 (1 H. bs). 7.37 (2H, d. J=8H2). 7.21 (1H. dd. 8&6H2), 
7.1 1 (2H, d. J=8H2). 6.90 (2H, d. 8Hz), 7.86 (IH. d. J=3Hz), 7.83 (IH, dd. J=8&2Hz). ' 
6.75 (1 H, d, J=eH2). 5.93 (1 H, d. J=3Hz), 5.92 (1 H. d, J=3H2). 3.96 (1 H, d, J=10H2), 
3.85 (2H. q. J=7H2), 3.70 (1 H, ddd. 6, 5&3Hz), 3.55 (1 H, dd, 1 1 &5Hz). 3.48 (1 H, d. ' 
J=16Hz), 3.15 (IH, dd, 8&6HZ), 3.13 (IH, t, J=10Hz), 3.01 (IH, d, J=16Hz), 2.43 (4H, 
q. J=7Hz). 1.82(2H.sext, J=7Hz). 1.08 (6H, t. J=7H2) 1 .04 (3H, t, J=7Hz). MS (DCl! 
NH3) m/e 559 (M+H+). Anal. Calc for C33H38N2O6 • O.25H2O: C. 70.38. H, 6.89, N 
4.97. Found: C, 70.49. H. 6.85, N. 4.68. 

Example 6 

fra/7S.r/ans-2-r3-Fliinro-4-methny yDhenvn-4-M 3-bfin7nriinYn|-5.vn.1-^rP fi- 

diethvnphenvlaminocarhnny lmethvn-pvrroiidine-.'^-narboxvlic aniri 
The title compound was prepared by the procedures described in Example 1 
1H NMR (300MH2, CDCI3) 6 8.21 (IH. bs). 7.22 (1H. dt. J=8&2H2), 7.20 (IH. d. 
J=8H2), 7.17 (IH. dt. J=8&2H2). 7.10 (2H. d. J=8H2), 6.96 (IH, t. J=8H2). 6.83 (1H. 
dd, J=8&2H2), 6.80 (1H, d. J=3H2). 6.76 (1H. d. J=8H2). 5.94 (1H. d. J=3H2), 5.93 
(IH. d, J=3H2). 3.97 (IH. d, J=10H2). 3.90 (3H. s). 3.72 (IH. ddd. 6. 5&3H2). 3.58 (1H. 
dd, 11&5H2), 3.46 (IH, d, J=16Hz), 3.14 (IH, t, J=10Hz), 3.12 (IH. dd. 8&6Hz). 3.05 
(IH, d, J=16Hz), 2.45 (4H, q, J=7H2), 1.09 (6H, t. J=7H2). MS (DCI. NH3) m/e 549 
(M+H+). Anal. Calc for C31 H33FN2O6 • O.5H2O: C. 66.78. H, 6.15, N 5.02. Found: 
C. 66.81 , H. 5.89. N. 4.87. 

Example 7 

frans.ffans-2-(3-Fliioro-4-ethnyY phenvn-4-n ."^-benzoriinyni-S-vn-l-f rp.fi- 
tfjgthYl)phenvlaminocarhnnvlmRthvn-p yrrolidinR-.'^-rarboxvlin aniri 

The title compound was prepared by the procedures described in Example 1 
1H NMR (300MH2. CDCI3) 5 8.23 (1 H. bs). 7.23 (1 H. d. J=2H2). 7.20 (1 H, dd, 
J=8&3H2). 7.1 1 (3H, m). 6.96 (1 H. t. J=8H2). 6.83 (1 H. dd. J=8&2H2). 6.80 (1 H d 
J=3H2). 6.76 (1 H. d. J=8H2). 5.93 (1 H. d. J=3H2). 5.92 (1 H. d. J=3H2). 4.1 1 (2h'. t.' 
J=7H2), 3.97 (1 H. d. J=10H2). 3.72 (1 H. ddd, 6. 5&3H2). 3.55 (1 H. dd. 11&5H2)' 3 47 
(IH. d, J=16H2), 3.14 (IH. t. J=10H2). 3.12 (IH. dd, 8&6H2). 3.04 (IH. d, J=16H2) 
2.45 (4H. q. J=7H2). 1.47 (3H. t. J=7H2). 1.09 (6H. t. J=7H2). MS (DCI. NH3) m/e 563 
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(M+H+). Anal. Calcfor C32H35FN2O6 • 0.15TFA: C, 66.92, H. 6.1 1 , N 4.83. Found: 
C, 67.19, H. 5.75. N. 4.69. 

Exampig ft 

5 fraf7g.frans-2-(3-Fluoro-4-methoxvphenvn-4-/7.methnyv.l 3.bBn7QdiQynl-fi-vn.i. 

((2.6-diethvnDhenvlaminocarbonvlmPthvn-Dvrrolidin e-3-carbQxvnn aniri 
The title compound was prepared by the procedures described in Example 1 . 
1 H NMR {300MHz. CDCI3) 5 8.24 (1 H, s), 7.25 (1 H. t, J=3Hz). 7.21 (1 H, bd), 7.1 4 {1 H. 
m), 7.08 (2H, d, J=8Hz). 6.96 (1 H. t, J=8Hz). 6.56 (1 H. d, J=3Hz), 6.50 (1 H, d, J=3Hz). 
10 5.93 (IH, d, J=2Hz), 5.91 (1H, d, J=2Hz), 3.97 (1H. d, J=10Hz), 3.90 (3H, s),3.72 (1H. 
ddd, 6. 5&3Hz). 3.58 (IH. dd, 11&5Hz). 3.46 (IH, d. J=16Hz). 3.14 (IH. t. J=10Hz), 
3.12 (IH. dd. 8&6Hz). 3.05 (1H. d. J=16Hz), 2.45 (4H. q, J=7Hz). 1.09 (6H. t. J=7Hz). 
MS (DCI. NHs) m/e 579 (M+H+). Anal, calcd for C32H35FN2O7 • I.5H2O: C, 63.65, 
H, 6.31 , N 4.64. Found: C. 64.00. H. 6.29, N. 4.26. 

15 

Example 9 

frans.frgns-2-(3-methoxv-4-Dropoxvphenvn-4-n.3-ben7oriin xol-5-vl)-1.(r2.6- 
diethvnphenvlaminocarbonvlmethvn-Dvrrolidine-.'^.narhnyviir ariri 

20 The title compound was prepared by the procedures described In Example 1 . 

1H NMR (300MHz. CDCI3) 6 8.22 (IH, s). 7.21 (IH. m), 7.12 (2H, d, J=10H2), 7.02 

(1 H, dd, J=9&3Hz). 6.93 (1 H, d, J=2Hz). 6.88 (1 H, d, J=2Hz), 6.85 (1 H. m), 6.82 (1 H. 

d. J=2Hz), 6.75 (1 H. d, J=9Hz), 5.95 (1 H, d, J=2Hz). 5.93 (1 H. d, J=2Hz). 3.97 (2H. q. 

J=9Hz). 3.84 (3H, s), 3.72 (2H. m). 3.60-3.45 (2H. m). 3.15 (2H, m), 3.03 (IH. d 
25 J=18Hz). 2.43 (4H.q,J=9Hz), 1.87 (2H,m), 1.08 (6H. t, J=9Hz), 1.04 (3H, t, J=9Hz). 

MS (DCI, NH3) m/e 589 (MH+). Anal.calcd. for C34H4oN207- 0.45 H2O: C, 68.43, H, 

6.91, N, 4.69. Found: C. 68.45. H. 6.91. N. 4.62. 

Example 10 

30 frans.frans-2.r4-ethQyvphftnvh-4-M .^-hs nzodinxnl-.t^-vlUl -((9 R- 

diethvhDhenvlaminocarbonvlmethvn.nvrrQliriinP-.'^.r arboyviir arid 

The title compound was prepared by the procedures described in Example 1 . 
1H NMR (300MHz. CDCI3) 6 8.26 (1 H. bs). 7.36 (2H. d, J=9Hz). 7.21 (1 H. m). 7.1 1 
35 (2H, d. J=10Hz), 6.90 (2H, d, J=9Hz), 6.86 (1 H. d, J=2Hz). 6.83 (1 H. dd, J=8&2Hz), 

6.73 (IH. d. J=9Hz). 5.94 (IH. d. J=2Hz), 5.92 (1H. d. J=2Hz). 4.10-3.90 (3H, m). 3.71 
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(IH. m). 3.60-3.40 (2H, m). 3.15 (2H, m). 3.02 (1H. d J=18H2). 2.43 (4H. q, J=9Hz). 
1 .42 (3H, t, J=9Hz), 1.08 (6H. t, J=9H2). MS (DCI. NHa) m/e 545 (MH+). Anal, calcd. 
for C32H36N206- 0.5 H2O: C, 69.42. H, 6.74. N. 5.06. Found: C. 69.52. H. 6.52. N, 
4.89. 

Example 1 1 

fra/75.ffans-2-M-methoxv phenvh-4-M 3.benznriinyol-5-vn-1-frp R. 
dimethvnphenvlaminocarbonvlmethv h-DvrrnliriinR-S-carboxylin aniri 

The title compound was prepared by the procedures described in Example 1. 
1H NMR (300MHz. CDCI3) 5 8.32 (1 H, bs). 7.37 (2H. d. J=9Hz). 7.08 (3H, m), 6.91 
(2H. d. J=9Hz). 6.88 (1 H, d, J=2Hz), 6.82 (1 H. dd. J=8&2Hz). 6.75 (1 H, d. J=9Hz). 
5.95 (IH, d. J=2Hz), 5.93 (1 H, d. J=2Hz), 3.95 (1H, d, J=10Hz). 3.81 (3H. s), 3.72 (IH. 
m). 3.55 (IH, dd, J=10&5Hz). 3.46 (1H, d J=18Hz). 3.13 (2H. m). 3.00 (IH, d, 
J=18Hz), 2.10 (6H. s). MS (DCI. NH3) m/e 502 (MH+). Anal, calcd. for C29H3oN206- 
0.5 H2O: C ,68.09, H, 6.1 1, N, 5.48. Found: C, 67.98. H, 6.02, N, 5.33. 

Example 13 

frans.ffans-2-(4-nrnnoxvohenvn-4.r7-methoxv.i .-^■h gnzodioxQl-.q-vh-l .119 fi. 
Cli9thYl)Phenvlaminocarbonvlmethvh-pvrrQiiriinp-a . carboxviic arid 

The title compound was prepared by the procedures described in Example 1. 
1H NMR (300MH2, CDCI3) 5 8.30 (1 H. bs), 7.36 (2H, d, J=9Hz). 7.21 (1 H, m), 7.09 
(2H, d, J=10Hz). 6.91 (2H. d, J=9Hz), 6.59 (1 H. d, J=2Hz), 6.51 (1 H, d, J=2Hz), 5.93 
(IH. d, J=2Hz), 5.91 (IH, d, J=2Hz), 3.93 (3H, m), 3.80 (3H, s), 3.72 (IH, m). 3.60- 
3.50 (2H. m)..3.15 (2H, m), 3.02 (IH. d J=18Hz), 2.43 (4H. q, J=9Hz), 1 .82.(2H, m), 
1.08 (6H. t. J=9H2). 1.05 (3H, t. J=9Hz). MS (DCI, NH3) m/e 589 (MH+). Anal, calcd. 
for C34H40N2O7- 0.25 H2O: C, 68.84. H. 6.88. N. 4.72. Found: C, 68.80, H, 6.59, N. 
4.52. 

Example 13 

fr-ang.frans-2-(3-methoxv-4-prppoxvphenvh-4-f7-m Qthoxv-1 .?-hRnzodloxol.5.yh.1- 
((2.6-d^ethvnphenvlaminpcarbonvlmBthy n-pv^roliriinfi-3-carhoyylir q rJ^ 

The title compound was prepared by the procedures described in Example -1. 
1H NMR (300MHz, CDCI3) 5 8.22 (1 H, s). 7.21 (IH. m). 7.09 (2H. d. J=10Hz). 7.02 
(IH. dd. J=9&3Hz). 6.93 (IH. d, J=2Hz). 6.87 (IH, d, J=9Hz), 6.61 (IH. d, J=2Hz). 



A 



WO 98/57933 



49 



PCT/US98/1I821 



6.53 (1 H. d. J=2H2), 5.93 (1 H. d. J=2H2). 5.91 (1 H. d. J=2Hz). 3.97 (3H. q. J=9H2), 
3.84 {3H. s). 3.82 (3H. s). 3.70 (1 H. m). 3.60-3.45 (2H. m). 3.15 (2H. m), 3.02 (1H. d 
J=18H2), 2.42 (4H. q, J=9Hz), 1.85 (2H, m), 1.08 (6H. t, J=9Hz). 1.05 (3H. t. J=9H2). 
MS (DCI, NH3) m/e 619 (MH+). Anal, calcd. for C35H42N2O8 C. 67.94, H, 6.84, N, 
5 4.53. Found: C. 67.65, H, 6.98. N, 4.44. 

Example 14 

rraA75.frans-2-f 4-m6thnyvphenvn-4-M .•^ -benzodioxni-S-vh-l-fr? fi- 
dibromo)Phenvlaminocarbonvl methvn-nvrrnlidlne-3-parhoxvlic acid 

10 

The title compound was prepared by the procedures described in Example 1. 
1H NMR (300MH2, CDCIa) 5 8.58 (1 H, bs). 7.58 (2H, d, J=9H2), 7.40 (2H, bd, 
J=1 OH2). 7.02 (1 H, t, J=9H2). 6.91 (2H, d, J=9Hz), 6.86 (1 H. m), 6.76 (1 H, d. J=9Hz), 
5.93 (2H, s), 3.98 (1H. bd, J^IOHz), 3.81 (3H. s), 3.73 (2H. m), 3.55 (1H, bd. J=15H2). 
15 3.13 (2H. m). 3.01 (1H, bd, J=18H2). MS (DCI. NH3) m/e 633 (MH+). Anal, calcd. for 
C27H24Br2N206- 0.3 H2O: C. 50.85, H, 3.89. N. 4.39. Found: C. 50.45, H, 3.48, N, 
4.22. 

Example 15 

20 f^R3a4S12-M-MethQxvphanvn-4-n .'^-hPn zodioxQl-S-vh-l -fNI-(9 R. 

digthvDphenvlaminocarbonvlmethvh-Dvrrnlirii ne-S-carhnxylic acid, hvrirnchloride .«talt 

Example 15A-F 

Alternative preparation of Ethvi frans-fr3n.<;-P -(4-methnyvphenvn-4-n ■3-benzQdioynl. 
25 5-vn-DvrrQlidlne-3-narhnYY|pta 

Example ^FiA 
5-r2-NitrovinYl).l .3.bQn7nriinyp|p 
To piperonal (15.55 kg, 103.5 mol) under mechanical stirring and under 
30 nitrogen was added ammonium acetate (1 3.4 kg, 1 73.8 mol). acetic acid (45.2 kg), 
and nitromethane (18.4 kg, 301 .4 mol) sequentially. The mixture was warmed to 70 
"C. After about 30 minutes, the yellow product began to crystallj2e. The reaction 
temperature was raised to 80 and stirred for about 10 hours until minimal 
piperonal remains. The somewhat thick reaction mixture was cooled to 10 "C and 
35 filtered. The precipitate was washed with acetic acid (2x8 kg) and then water (2 x 90 
kg). The product was dried under a nitrogen purge and then, in a vacuum oven at 50 
"C for 2 days to afford 15.94 kg (80%) of the title compound as a bright yellow solid. 
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Example lfiR 
Ethvl M-methnyyhP nzovhanPtatR 
To potassium t-amylate (25 wt %. 50.8 kg, 99.26 mol) in toluene (15.2 kg) 
cooled to 5 °C under mechanical stirring and under nitrogen was added a mixture of 
4-methoxyacetophenone (6.755 kg. 44.98 mol) and diethyl carbonate (6.40 kg. 54.18 
mo!) in toluene over 1 hour maintaining the temperature below 10 *C. The reaction 
mixture was heated to 60 °C for 8 hours until no 4-methoxyacetophenone was 
detected by HPLC. The mixture was cooled to 20 °C and quenched by adding to a 
mixture of acetic acid (8 kg) and water (90 kg) over 30 minutes while maintaining the 
temperature at <20 °C. The layers were separated, and the organic layer was 
washed with 5% sodium bicarbonate solution (41 kg) and concentrated to 14.65 kg. 
The temperature is maintained below 50 "C during the distillation. The yellow 
product concentrate was assayed by HPLC against an external standard and the 
yield was found to be 9.40 kg (94%). 

Example isn 

Ethvl 2-(4-methoxvhenzovh.4-nitrn methvl-3-n .q-benzQdinxnlft-5-vhbutyratB 
To the compound resulting from Example 15A (7.5 kg. 37.9 mol) suspended in 
THF (56 kg) with mechanical stirring under nitrogen was added the compound 
resulting from Example 15B (8.4 kg, 37.9 mol). The mixture was cooled to 17 "C, 
sodium ethoxide (6.4 g, 0.095 mol) was added, and the reaction was stirred for 30 
minutes. After about 15 minutes, the nitrostyrene was completely dissolved. Sodium 
ethoxide (6.4 g. 0.095 mol) was added, and the mixture was stirred at 25 °C until 
HPLC shows less than 1 area % ketoester remaining. The reaction was 
concentrated to 32.2 kg which was determined by HPLC assay to be -14.9 kg (95%). 

Example ISP 

Ethvl C/g.C/g-2-f4-methoxvphenvn-4-n .^-benzodioynl-S -vn-DyrmliriinQ-S-carboxvlatP 
Raney nickel (20.0 g). from which the water had been decanted, was charged 
to a stirred hydrogenator equipped with a thermocouple. THF (20 mL), the crude 
compound resulting from Example 15C (40.82 g. 0.0482 mol). and acetic acid (2.75 
mL. 0.0482 mol) were added sequentially. The mixture was put under a hydrogen 
atmosphere at 60 psi until the hydrogen uptake slowed dramatically. TFA was 
added, and the mixture was hydrogenated at 200 psi until HPLC shows no residual 
imine and <2 area % nitrone. The catalyst was filtered away and washed with 100 
mL of methanol. The filtrate was assayed by HPLC and found to contain 13.3 g (75% 
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yield) of the cis, cis-pyrrolidine compound. The filtrate was concentrated and chased 
with additional THF (200 mL) to give a final volume of 100 mL The mixture was 
neutralized with 2 N NaOH solution (50 mL), diluted with water (200 mL), and 
extracted with ethyl acetate (2 x 100 mL). The combined nearly colorless ethyl 
5 acetate layers were assayed against an external standard by HPLC to bel 3.0 g 
(73%) of the title compound. 



Example 15E 

Ethvl frans.frans-2-(4- methQxvphenvn-4-f1.3-benzodioxol-5-vh-DvrrQlidine-a- 

10 carboxvlate 

The solution of the compound resulting from Example 15D (38.1 g, 0.103 mol) 
was chased with ethanol (200 mL) to a final volume of 100 mL and sodium ethoxide 
(3.40 g, 0.050 mol) was added. The mixture was heated to 75 °C. When HPLC 
shows <3% of the cis.cis isomer remaining, the mixture was cooled to room 

15 temperature. The product was assayed by HPLC against an external standard and 
found to contain 34.4 g (90% yield) of the title compound. The crude compound 
solution was concentrated and the residue taken up in isopropyl acetate (400 mL). 
The organic layer was washed with water (2 x 150 mL) and then extracted with 0.25 
M phosphoric acid solution (2 x 400 mL). The combined phosphate layers were 

20 stirred with ethyl acetate (200 mL) and neutralized to pH 7 with solid sodium 

bicarbonate (21 g). The organic layer was separated and found to contain 32.9 g 
(87%) of the title compound. 



Example 15F 

25 Ethvl f2ff.3R4S12-r4-Meth oxvDhenvn-4-M ■3-benzodioxol-5-vn-Dvrrolidine-3- 

Qgjrbpxylate 

The racemic amino ester from Example 1 (32.9 g) was dissolved in 50 mL of 
acetonitrile. (S)-(+)-Mandelic acid (2.06 g, 0.0136 mmol) was added and allowed to 
dissolve. The mixture was seeded with the product and allowed to stir at room 

30 temperature for 16 hours. The reaction mixture was cooled to 0 °C and stirred for 5 
hours. The product was filtered and dried in a vacuum oven with a nitrogen purge for 
1 day at 50 °C. The resultant salt (20.0 g, 0.0383 mol) was suspended in ethyl 
acetate (150 mL) and 5% sodium bicarbonate solution (150 mL). The mixture was 
stirred at room temperature until the salt dissolved and carbon dioxide evolution had 

35 ceased. The organic layer was separated and concentrated. 
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Example -jS^^ 

f^ff.3R4SI2-r4-MethoxvDhenvn-4-M a.hfln7 ndioxol-5-vl^-1-^N-r2 fi. 
di9thYl)PhenvlaminocarbonvlmethviVnvrrniiHi ne.3-carboxvlic! acid 

The title compound was prepared from the compound of Example 1 5F 
according to the procedures of Example 1 E. 

Example 15H 

r2ff.3R4Sl2-M-Methox vDhenvn-4-M.3-ben2odioxol-5-vn-1-fN-(Pfi- 
diQthYl)phenYlaminocarbonvlmethvn-Dvrrolidine-3-carh n xvlic arid hydrochloride salt 

The compound of Example 15G (450 mg) was dissolved in 10 mL of 
isopropanol. A slight excess of saturated HCI in ethanol was added, and the 
resultant solution was stirred for 10 min. The solvents were removed in vacuo, and 
the excess HCI was chased with isopropanol. The residue was taken up in ether and 
filtered, leaving 448 mg of the title compound as a white solid. MS (DCI/NH3) m/e 
531 (M+H)+ Anal calcd for C31 H35N2O6CI : C, 65.66 H. 6.22; N. 4.94. Found: C, 
65.72; H, 6.39; N, 4.65. 

Example 1R 

frans.rrans-2-^4-methoxvphenvh-4-M ■q.hpn 7odioxQ|.fi.vn.l-/f9 ft- 
dimethQXY)Dhenvlammocarbonvlmflthvh.r^vrrnliriins-3-narhnyvlir arid 

Example IfiA 
2.6-Dimethnyyflnilinft 

To a stirred solution of 2,6-dimethoxybenzoic acid (2.00 g. 1 1.0 mmol) in 1 ,2- 
dichloroethane (45 mL) at ambient temperature was successively added N- 
methylmorpholine (1.45 mL, 13.2 mmol) and diphenylphosphoryl azide (2.60 mL, 
12.1 mmol). After heating the mixture for 2 hours at 75 °C, cuprous iodide (150 mg) 
and benzyl alcohol (2.27 mL, 22.0 mmol) were added and heating was continued 
ovemight. Solvents were removed in vacuo and the residue was chromatographed 
on silica gel, eluting with 4:1 hexane-ethyl acetate to give the intermediate carbamate 
(1.50 g, 48 % yield) as a white, crystalline solid. The solid was dissolved in methanol 
(15 mL) and added to a flask purged with nitrogen containing 10% palladium-on- 
charcoal (500 mg). The mixture was placed under a balloon of hydrogen and stirred 
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4 hours at ambient temperature. The mixture was filtered through a pad of Celite and 
solvents were removed in vacuo to give the title compound (800 mg, 48% yield). 



5 Example 16B 

frans.frans-2-M- methoxvphenvn-4-f1.3-benzodioxol-5-vn-1-/r2fi- 
dimethoxv^DhenvlaminQcarbonvlmethv n-DvrrQlidine-S-carboxylir! ariri 

The title compound was prepared by the procedures described in Example 1 , 
10 substituting the compound of Example 16A for 2,4,6-trimethylaniline in Example 1 D. 
1H NMR (300MHz, CDCI3) 58.18 (1H. bs). 7.39 (2H, bd, J=9Hz), 7.17 (IH.t, J=9Hz), 
6.99 (1 H, d, J=2Hz), 6.90 (2H. d, J=9Hz), 6.86 (1 H, d. J=2H2). 6.75 (1 H. d. J=9H2), 
6.56 (2H, d. J=9Hz), 5.93 (2H, s). 3.88 (1 H, bd, J=10Hz). 3.81 (3H. s). 3.71 (6H, s), 
3.70 (2H, m), 3.49 (1 H, bd. J=15Hz), 3.03 (2H. m), 2.85 (1 H. bd. J=18Hz). NMR (DCI, 
15 NH3) m/e 535 (MH+). Anal, calcd. for C29H3oN208- 0.75 AcOH: C, 63.20, H, 5.74, N. 
4.83. Found: C, 63.18, H, 5.34, N, 4.79. 



Example 17 

trans.trans-2-U-meihoxvDhfin\,\\- 4-h ■3-benzodioxol-5-vn-1-rr4-bromQ-2.6. 
diethvnphenvlaminocarbonvlmethvh-pyr rolidine-a-carboxvlic acid 

Example 17A 
4-Bromo-2.6-diethvlaniline 

To a stirred solution of 2,6-diethylaniline (10.0 g, 67.0 mmol) in acetic acid (50 
mL) at ambient temperature was added bromine (10.4 mL, 201 mmol). The reaction 
was stirred overnight at ambient temperature. The reaction mixture was diluted with 
diethyl ether (200 mL) and washed with 5% sodium bisulfite (4 x 50 mL) and brine. 
The organic phase was dried with sodium sulfate and the solvents were removed in 
vacuo. The residue was chromatographed on silica gel, eluting with 9:1 hexane- 
ethyl acetate to give the title compound (3.28 g, 21% yield). 
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Examoie 17B 

ffan5.frans-2-(4-methoxvDhenvh-4-M.3-hpn rQdiQxol-5-vh-1-(f4-bromo-2.6- 
CliethvhDhenvlaminocarhonvlmethvl\.pvrrolidin6-3-c arboxvlic acid 

5 The title compound was prepared by the procedures described in Example 1, 

substituting the compound of Example 17A for 2,4,6-trimethylaniline in Example 1D. 
1H NMR (300MHz, CDCI3) 5 8.21 (1H, bs), 7.38 (2H, d. J=9H2), 7.23 (2H, s), 6.92 
(2H, d, J=9Hz), 6.88 {1H. d, J=2H2), 6.82 (1H, dd, J=8&2H2), 6.75 (1H, d. J=9H2), 
5.93 (1 H, d, J=2Hz), 5.91 (1 H, d, J=2Hz), 3.95 (1 H, d, J=9Hz), 3.82 (3H, s), 3.72 (1 H. 
10 m), 3.52 (1H. m), 3.45 (1H, d J=18Hz), 3.14 (2H, m), 3.00 (1H, d, J=18Hz), 2.39 (4H, 
q, J=9Hz), 1.07 {6H, t. J=9Hz). MS (DCI, NH3) m/e 609 (MH+). Anal, calcd. for 
CsiHaaBrNaOe : C. 61.09, H, 5.46, N. 4.60. Found: C, 60.80, H, 5.35, N, 4.54. 

Example IS 

15 frg/75.fran5-2-(4-methoxvDhenvn-4-M.3.be n2odiQxol-5-vh-1.r/2-ethvl-6. 

methvnDhenvlaminocarbonvl methvh-pvrrolidine-3-carboxvlic acid 

The title compound was prepared by the procedures described in Example 1 . 
1H NMR (300MHz, CDCI3) 6 8.32 (1 H, bs), 7.38 (2H. d, J=9Hz), 7.20-7.10 (3H. m), 

20 6.92 (2H, d, J=9Hz), 6.87 (1 H, d. J=2Hz), 6.82 (1 H, dd, J=8&2Hz), 6.76 (1 H, d, 

J=9Hz). 5.94 (1H, d, J=2Hz). 5.92 (1H. d, J=2Hz), 3.95 (IN, d, J=9Hz), 3.82 (3H, s), 
3.73 (1 H, m), 3.55 (1 H. dd, J=1 2&6), 3.47 (1 H. d J=1 BHz). 3.1 4 (2H, m). 3.02 (1 H, d, 
J=18Hz), 2.44 (2H, q. J=9Hz), 2.10 (3H, s). 1.10 (3H, t, J=9H2). MS (DCI, NH3) m/e 
517 (MH+). Anal, calcd. for C30H32N2O6 0.5 H2O: C, 68.56, H, 6.33, N, 5.33. Found 

25 C, 68.58, H, 6.29. N, 5.13. 

Example 19 

frans.frans-2-f4-mathoxvDhenvlV 4-ri.3-bfin7ndioxol-5-vh-1-rf2 4fi. 
triethvhphenvlaminoca rbonvlmethvh-Dvrroliriine-3-carboxvlin acid 

30 

Example 19A 

Ethvl frans.frans-2-f4-m ethoxvphenvn-4-n .3-hen7odioxol-5-vh-1-fr9 4 R- 
triethvnDhenvlamlnocarbQnvlmethvh.pvrmliritnB. 3.carboxvlatfl 



35 



To a mixture (purged with nitrogen) of [1.1'-bis(diphenylphosphlno)ferrocene] 
dichloropalladium (II) (1:1 complex with dichloromethane) (13 mg) and cesium 
carbonate (307 mg, 0.942 mmol) in anhydrous N,N-dimethylformamide (2 mL) at 
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ambient temperature was added ethyl fra/7s,f/a/7s-2-(4-methoxyphenyl)-4-(1 ,3- 
benzodioxol-5-yl)-1-(4-bromo-2,6-diethylphenyl)aminocarbonylmethyl)-pyrrolidine-3- 
carboxylate (200 mg, 0.314 mmol, prepared in Example 17) in anhydrous 
tetrahydrofuran (8 mL). After stimng the mixture for 10 minutes at ambient 
5 temperature, 1.0 M triethylborane (0.471 mL, 0.471 mmol) in tetrahydrofuran was 
added. The reaction was stirred overnight at 65 °C under nitrogen. The reaction 
mixture was diluted with ethyl acetate (100 mL) and washed with water (2 x 30 mL) 
and brine. The organic phase dried with sodium sulfate, and the solvents were 
removed in vacuo . The residue was chromatographed on silica gel eluting with 3:1 
1 0 hexane-ethyl acetate to give the title compound (1 1 0 mg, 60 % yield). 

Examole 19B 

frans.ffa/is-2-r4-meth oxvDhenvn-4-M.3-benzodioxol-5-vn-1-/r2.4.6- 
triethvnDhenvlaminocarbQnvlmethvh.pv rrolidine-a-carbQxvlic acid 

15 

The title compound was prepared by the procedures described in Example 1 E. 
1H NMR (300MHz, CDCI3) 5 8.22 (1 H, bs). 7.38 (2H, d, J=9Hz), 6.95 (2H. s), 6.91 
(2H, d, J=9Hz). 6.84 (1H, d, J=2Hz), 6.82 (1H, dd. J=8&2Hz). 6.75 (1H, d, J=9Hz), 
5.93 (1H, d, J=2Hz), 5.91 (1H, d, J=2Hz), 3.95 (1H, d, J=10Hz), 3.82 (3H, s), 3.71 (1H. 
20 m), 3.52 (1 H, dd. J=9&2Hz), 3.46 (1 H, d J=18Hz), 3.13 (2H, m), 3.00 (1 H, d, 

J=18Hz), 2.60 (2H, q, J=9Hz), 2.40 (4H, q, J=9Hz). 1.22 (3H. t, J=9Hz), 1.08 (6H, t, 
J=9Hz). MS (DCI. NH3) m/e 559 (MH+). Anal, calcd. for C33H38N2O6 • 0.25 H2O: C, 
70.38, H, 6.89. N, 4.97. Found: C, 70.18, H, 7.14, N, 4.63. 



25 Example 20 

f2ff.3R4S|2-M-Prop oxvDhenviU4-M.3-benzndioxol-5-vn-1-fN-fr2.6. 
diethvhphenvlaminocarbonvl methvn-Dvrrolidine-3-carboxvlic acid 

Exampjg 2PA 

30 f2R3R4SI2-f4-ProDOxvDhenvn-4-M.3-bBn?odiQxol-5.vn.1 .tert.butQxvcarbonvl- 

ovrrQl}din6-3-carboxvlic acid 

The racemic amino ester from Example 3 (8.00 g) was combined with 4.45 g of 
di-tert-butyldicarbonate in 1 00 mL of THF; 10 mL of triethylamine was added, and the 
35 resultant solution was stirred at ambient temperature for 3 hrs. The solvents were 

removed in vacuo; the residue was taken up in EtOAc and washed sequentially with 
aqueous 1 N H3PO4. bicarb, and brine. The crude product was dissolved in 30 mL of 
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ethanol; 12 mL of 2.5 N NaOH solution was added, the mixture was stirred overnight 
at ambient temperature, then warmed to 50 for 2 hrs. The solvents were removed 
in vacuo: the residue was partitioned between water and ether. The aqueous extract 
was acidified with aqueous 1 N H3PO4 and extracted twice with EtOAc. The organic 

5 extracts were washed with brine and dried over Na2S04 to give 9.2 g of trans.trans- 
2-(4-propoxyphenyl)-4-(1 ,3-benzodioxol-5-yl)-1-tert-butoxycarbonyl-pyrrolidine-3- 
carboxylic acid. This material was dissolved in 30 mL of EtOAc, and 1 .3 mL of (R)- 
(+)-a-methylbenzylamine was added. The solution was stirred for 10 min; the 
solvents were removed in vacuo, 50 mL of ether were added, and the resultant 

0 solution was seeded. After standing overnight, the solvents were removed in vacuo; 
the residue was tal<en up in 70 mL of ether and filtered. The solid product was 
recrystallized from EtOAc / ether. The crystalline material was stirred vigorously in a 
two-phase mixture of IN H3PO4 and EtOAc; the organic layer was decanted, then 
washed with brine and dried over Na2S04. 

5 

Example 20B 

Ethyl r2a3fl.4Si2-f4-PropoxvDhenvh-4.ri ,3-ben2Qdinyol-5-vh-pvrroliriine.a- 

carboxvlate 

The compound of Example 20A was dissolved in ethanol and cooled In an ice 
0 bath. Gaseous HGI was bubbled through the solution until saturated; the resultant 
solution was warmed to ambient temperature and allowed to stir overnight under a 
blanket of nitrogen. The solvents were removed in vacuo; the residue was taken up 
in bicarb and extracted with EtOAc. The organic layer was decanted, then washed 
with brine and dried over Na2S04. 

5 

Example 20C 

f2a3a4S12-(4-Propoxvphenvn-4- M.3-benzQdioxol-5-vn-1-/N-r2fi- 
diethvlphenvnaminQca rbonvlmathvn-pvrrQlidine-3-carbQxvlic acid 

0 The title compound was prepared from the compound of Example 20B 

according to the procedures of Example 1 E. MS (DCI/NH3) m/e 559 (M+H)"^. Anal 
calcd for C33H38N206* 0.2 H2O: C, 70.49; H, 6.88; N. 4.98. Found: C, 70.52; H, 
6.78; N, 4.85. 
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Example pi 

/rans.frans-2-r4-methoxvDhenvn- 4-M,3-hPnTnfiioxol-5-vn-1-rf2.6- 
CliiS0Dr0DvnDhenvlaminocarbonvlmRtF^ Yn.pvrmliriinp.3-carboxvlic arid 

5 The title compound was prepared by the procedures described in Example 1 . 

1H NMR (300MH2, CDCI3. 5) 8.29 (1H, bs), 7.39 (2H. d. J^Hz). 7.29 (1H. m). 7.15 
(2H, d, J=9Hz), 6.93 (2H. d, J=9Hz). 6.85 (1H, d, J=2Hz). 6.83 (1H. dd. J=8&2H2), 
6.74 (1 H. d. J=9Hz). 5.93 (1 H. d. J=2H2), 5.91 (1 H, d. J=2Hz), 3.96 (1 H, d. J=1 OHz), 
3.83 (3H. s), 3.73 (1H, m). 3.55 (1H, dd. J=12&6), 3.50 (1H. d J=18Hz). 3.14 (2H, m), 
10 3.01 (IH. d, J=18Hz), 2.84 (2H. m). 1.16 (6H. d. J=8Hz), 1.05 (6H, d J=8H2). MS 
(DCI, NH3) m/e 559 (MH+). Anal, calcd. for CsaHasNaOs- 0.5 H2O: C, 69.82, H, 6.92, 
N. 4.93. Found: C, 69.69, H, 6.63, N, 4.89. 

Example 2P 

15 frans.frans-2-f4-methoxvDhenvh-4-ri ■3- hen2QdiQynl-.'>-vn-i-rr2.6-diethvl-4- 

methvnDhenvlamlnocarbonyl methvh-pyrrolidine-.'^-narboxvlic acid 

The title compound was prepared by the procedures described in Example 19. 
1 H NMR (300MHz, CDCI3) 6 8.20 (1 H, bs), 7.38 (2H, d, J=9Hz), 6.92 (4H. m), 6.86 

20 (IH, d. J=2Hz), 6.82 (IH, dd. J=8&2Hz), 6.75 (IH, d. J=9Hz), 5.93 (1H, d. J=2Hz), 
5.91 (1 H, d. J=2Hz), 3.95 (1 H, d. J=10Hz), 3.81 (3H. s), 3.72 (IH, m). 3.55 (IH, dd, 
J=9&2Hz), 3.45 (IH, d J=18Hz). 3.13 (2H. m), 3.00 (IH, d, J=18Hz). 2.39 (4H, q, 
J=9H2), 2.28 (3H, s), 1.07 (6H, t, J=9H2). NMR (DCI, NH3) 545 m/e (MH+). Anal, 
calcd. for C32H36N2O6 • 0.5 H2O: C, 69.42, H, 6.74. N, 5.06. Found: C, 69.43. H, 6.57, 

25 N, 4.94. 

Example 23 

r2R3R45V2-M.athnxvphenvh-4- M.3-benzoriinxol-5-vn-1-fr2.fi- 
diethvhPhenvlaminonarbonvlmefhyh. pvrrolidine-a-carboxvlin aniri 

30 

The title compound was prepared from the racemic amino ester of Example 10 
according to the procedures of Example 20. ^H NMR (300MHz, CDCI3) 8 8.32 (IH, 
bs), 7.38 (2H, d. J=9Hz). 7.21 (IH. m). 7.12 (2H, d. J=10Hz). 6.90 (3H, m), 6.83 (1H. 
dd. J=8&2Hz). 6.74 (1 H, d. J=9H2). 5.94 (1 H. d. J=2H2). 5.92 (1 H, d. J=2H2). 4.05 
35 (2H, m). 3.96 (1 H. d. J=10H2), 3.72 (1 H, m), 3.53 (1 H. dd, J=10&3Hz). 3.47 (1 H, d, 

J=18H2). 3.13 (2H, m). 3.02 (IH. d J=18H2), 2.44 (4H. q, J=9H2). 1.42 (3H. t, J^Hz), 



BNSpOCIp- <WO 



98Si7933A1 II » 



( 

wo 98/57933 



( 

PCT/US98/11821 



58 

1.08 (6H. t, J«9H2). MS (DCI. NH3) m/e 545 (MH*). Anal, calcd. for CazHseNaOe- 0.5 
H2O: C. 69.42. H. 6.74. N. 5.06. Found: C. 69.67. H. 6.73, N, 4.98. 

ExamniB 94 

fr3ng.frg/7S-2-f4-mPthoxvnhPnvn.d-(i ?- ho n ^ orii"v"l-'^-vl^-i -(M-narhnyv-g «. 
C<igthYl)PhenvlamlnocarhnnvlmothYn-nvrmlirtino-,q- c arhoyvlir aniri 

The title compound was prepared by the procedures described in Example 19 
1H NMR (300MH2. DMSO) 5 7.68 (2H, bs). 7.54 (2H. d, J=9Hz). 7.27 (2H. m). 6 93 
(2H. d. J=9Hz). 6.83 (2H. m). 5.98 (2H. s). 3.92 (1 H. d. J=9Hz). 3.76 (3H. s). 3.62 (1 H 
m). 3.45-3.00 (2H, m). 3.00-2.80 (3H. m). 2.44 (4H. q, J=9Hz), 1 .04 (6H. t. J=9Hz) 
NMR (DCI. NH3) m/e 575 (MH-). Anal, calcd. for CssHsANaOs- 0.5 H2O: C. 65.85, H 
6.04. N. 4.80. Found: C, 66.03, H, 5.84. N. 4.67. 

Examplfi 9^ 

frang.fm/75-?-f4-mPthoxvnhPnYl)-4-( 1 .3.hBn7nriinvo|-5-vh-1.rM-pjtrn-p ft. 
diethvnDhenvlaminQnarhnnvlmotfivn.nvrrnlidino. 3-carhnYvlir arj^ 

Example PfiA 
2.6-Diethvl.4-nitroanilmp 

To a stirred solution of 2,6-diethylaniIine (5.0 g, 34 mmol) in concentrated 
sulfunc acid (30 mL) at 0 °C was added dropwise concentrated nitric acid (15.9 M 
2.10 mL. 34 mmol). The cooling bath was removed, and the reaction was stirred for 3 
hours at ambient temperature. After pouring the reaction mixture into ice, the solution 
was neutralized using 4 N sodium hydroxide and extracted with methylene chloride 
(3 X 50 mL). The extracts were dried with sodium sulfate, and solvents were removed 
in vacuo to give the title compound. 

Examnia PfiR 

diethYnphPnYlRminorRrbonvtmethvn-nvrrniiriino.-:..r>^rhT! r Ylir nrirl 

The title compound was prepared by the procedures described in Example 1 
substitutmg the compound of Example 25A for 2.4.6-trimethylaniline in Example 1 d' 
1H NMR (300MHz. CDCI3) 5 8.38 (1H. bs). 7.77 (1H. d. J«9H2). 7.38 (2H d XgHz)' 
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7.24 (1 H. d. J=9H2). 6.92 (2H. d, J=9Hz). 6.88 (1 H. d. J=2Hz). 6.82 (1 H. dd. 
J=8&2Hz). 6.75 (1 H. d, J=9Hz), 5.93 (1 H. d. J=2Hz). 5.91 (1 H. d. J=2Hz). 3.97 (1 H, d. 
J=9H2), 3.83 (3H. s), 3.74 (1H. m), 3.48 (2H, m). 3.18 (2H. m). 3.04 (1 H. d. J=18Hz), ' 
2.63 (2H, m). 2.44 (2H, q, J=9Hz). 1.10 {3H, t, J=9Hz), 1.08 (3H, t, J=9Hz). MS (DCI, 
NH3) m/e 576 {MH+). Anal, calcd. for C31 HaaNaOs- 0.75 H2O: C, 63.20, H, 5.90, N,' 
7.13. Found: C. 63.30, H, 5.81. N. 7.14. 

Example 2fi 

rrans.frans-2-f4-mRthoxvDhenv h-4-M..'^-hPnzodioxol-5-viVl-fr2-iRnprn pYl-R. 
methvnDhenvlaminQcarbonvlmethvl^-py rrQlidine-a-nqrboxvlip. aniri 

The title compound was prepared by the procedures described in Example 1. 
1H NMR (300MHz, CDCI3) 5 8.35 (1H, bs). 7.39 (2H, d, J=9Hz). 7.18 (2H, m), 7.07 
(1H. dd. J=9&2Hz). 6.92 (2H, d, J=9Hz), 6.86 (1H. d, J=2H2). 6.82 (1H, dd. J=8&2Hz), 
6.75 (1 H. d, J=9Hz), 5.94 (1 H. d. J=2H2). 5.92 (1 H, d, J«2Hz). 3.96 (1 H. d. J=1 OHz). 
3.83 {3H. s), 3.72 (1H. m), 3.50 {2H, m), 3.15 {2H. m). 3.02 (1H. d, J=18Hz). 2.86 
(1H. m). 2.09 (3H. s). 1.16 {3H. d, J=8Hz). 1.07 (3H. d J=8Hz). MS (DCI. NH3) m/e 
531 (MH+). Anal, calcd. for C3iH34N206- 0.5 H2O: C, 69.00. H. 6.54, N. 5.19. Found: 
C. 69.27, H, 6.67. N, 5.21. 

Example 27 

fra/7s.rrans-2-f4-Methoxvphe nvn-4-M..'^-henzQdioynl-5-vn-1-rN-r2-ethyl-fi. 
methoxvbhenvlaminQcarbnnvlmBthvn.p yrrolidinfi-.?-f:arbQxvlin arid 

Example P7A 
Ethyl 3-oxo-4-f3-methoxv-2-nitrophenYhprppj^nmft 

Potassium ethylmalonate (3.68 g) was combined with 2.29 g of magnesium 
chloride in 12 mL of DMF; the reaction mixture was heated at 60 °C for 4 hrs. The 
resultant mixture was cooled to ambient temperature. Simultaneously, 3-methoxy-2- 
nitrobenzoic acid (3.4 g) was dissolved in 12 mL of DMF; 3.06 g of 1 ,1- 
carbonyldiimidazole was added (gas evolves), and the resultant solution (after 
stirring at ambient temperature for 4 hrs) was added to the malonate mixture. The 
resultant slurry was stirred at ambient temperature for 14 hrs. Solvents were 
removed in vacuo; the residue was taken up in EtOAc and washed sequentially with 
1 N H3PO4. bicarb, and brine, and was concentrated in vacuo.. 
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Examplf? P7R 
2-Nitro-.?-(1-hYr<rnvY qthvnanisnla 

The compound of Example 27A (3.2 g) was dissolved in 50 mL of 
concentrated sulfuric acid and stirred at ambient temperature for 48 hrs. The reaction 
mixture was poured onto 300 mL of ice and extracted twice with EtOAc. The organic 
extracts were washed sequentially with water, bicarb, and brine, and were 
concentrated in vacuo. The crude product was heated neat at 160 »C for 3 hrs. The 
resultant dark brown residue was extracted with EtOAc. The organic extracts were 
concentrated. The crude product was dissolved In 15 mL of ethanol; sodium 
borohydride (450 mg) was added, and the resultant solution was stirred at ambient 
temperature for for 2 hrs. The solvents were removed in vacuo; the residue was 
taken up in 10% aqueous HCI and stirred for 15 min. The mixture was extracted with 
EtOAc; the organic extracts were washed sequentially with bicarb and brine, and 
were concentrated in vacuo. The crude product was purified by flash 
chromatography on silica gel, eluting with 1:1 EtOAc/hexanes. to give 1.08 g (32% 
overall) of the title compound as a colorless oil. 



Example 27n 
2-Ethvl-6-mBthnYY^njlirTo 

The compound of Example 27B (310 mg) was dissolved in 10 mL of THF; 1 .5 
mL of H3P04 was added, followed by 50 mg of 10% palladium-on-charcoal. The 
resultant mixture was purged with nitrogen, then placed under a balloon of hydrogen, 
and stirred overnight. Bicarb was added carefully, and the mixture was filtered 
through a pad of Celite. The filtrate was extracted with EtOAc; the organic extracts 
were washed with bicarb and brine, and were concentrated in vacuo. The crude 
product was purified by flash chromatography on silica gel, eluting with 1 :1 
ether/hexanes; to give 102 mg (43% yield) of the title compound as a colorless oil. 

Example 27D 

f/a/7S.frgrTS-2-(4-MRthoxvphenvl V4-n..?-hP»n7odioxokS-yl)-1-fN-(2-fithy|.R. 
m9thoxv^DhenvlaminQnarhnnvlmethvl)-p yrroliriinB-:^.narboxylin ^^ iri 

The title compound was prepared according to the procedures of Example . 
substituting the compound of Example 27C for 2.4.6-trimethylaniline. iH NMR (300 
MHz. CD3OD) 5 1 .1 0 (t. J=8 Hz. 3H). 2.48 (d. J=8 Hz. 2H). 3.4-3.9 (m. 7H) 3 73 (s 
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3H). 3.84 (s. 3H). 5.93 (s. 2H). 6.80 (d. J=8 Hz, 1 H). 6.86 (d, J=8 Hz, 2H), 6.93 (dd. 
J=2,8 Hz, 1 H). 7.03 (bd d. J=9 Hz. 2H). 7.07 (d, J=2 Hz, 1 H), 7.23 (t, J=8 Hz, 1 H), 7.53 
(bd d. J=9 Hz. 2H). MS (APCl) m/e 533 (M+H)+. Anal calcd for C30H32N2O7 • 0.7 
TFA: C. 61.59 H, 5.38; N. 4.57. Found: C, 61.27; H, 5.44; N, 4.61. 

Examplft PR 

fAar7g.f^a^ff-?-f4-^sp-P^oDoxvnhftnvn-4-M ■.?-hBn7 QdtQyni-'>-yi).i -fp t^. 

diethvlDhenvlaminocarhonvlmRthvh-pyr roiidine-.'^.narbQxvlin ariri 
The title compound was prepared by the procedures described in Exarnple 1 
1H NMR (300MHz. CDCI3) 5 7.51 (2H, bd d, ^9Hz), 7.22 (1H. dd, Jt8,9Hz), 7.13 
(1 H. s), 7.1 1 (1 H. dd, J=1 ,8Hz), 7.05 (1 H, d, J=2Hz), 6.99 (2H, bd d. J!=9Hz). 6.91 
(1 H, dd, J=2,8Hz), 6.78 (1 H. d, J=8Hz), 5.93 (1 H, d, J=3Hz), 5.92 (1 H, d, J=3Hz), 
4.64 (1H, septet. ^7H2), 3.80 (3H. m), 3.55 (2H, m), 2.47 (4H, q. J=7H2), 1.33 {6H, 
dd, J=2,7Hz), 1 .09 (6H, t, J=7Hz). MS (ES!+) m/e 559 (M+H+). Anal. Calc for 
C33H38N2O6-0.7TFA: C, 64.71, H, 6.11, N 4.39. Found: C, 64.54, H, 5.78, N. 4.21. 

ExamplR 29 

t^SnS,tra^fi-?-(2'F\uoro-4-ProDoyvnhe^n^,\) .4-(^ ■.'^-hBn7ndioxnl-'S-vh-1 -rp R- 
CliethYlPhenvlaminOCarbonvlmethvh-nvrmli dine-3-narhnyy|j r f^^j^ 

The title compound was prepared by the procedures described in Example 1 
1H NMR (300MHz, CDCI3) 6 1.06 (t. 3H. J=7Hz), 1.09 (t, 6H, J=7Hz), 1.83 (m. 2H), 
2.44 (q, 4H. J=7Hz). 3.4-3.9 (m. 5H). 3.99 (t. 2H. J=6Hz). 5.95 (dd, 2H, J=1,2Hz). 6.8- 
6.9 (m. 4H). 7.03 (d. 1H. J=2Hz). 7.11 (d. 1H, J=8Hz), 7.13 (s. 1H), 7.22 (dd. 1H.' 
J=7,9Hz),7.63(t, 1H,J=9Hz). MS (ESI+) m/e 577 (M+H+). Anal. Calc for 
CaaHsyNaOsF-LOTFA: C. 60.87, H. 5.55. N 4.06. Found: C, 60.74, H, 5.61 , N. 3.97. 

Examnlfl 

fra^g.frar?>?-?-(4-(?-MmhQXvethoxv^nhenvn-4-M ■'^-hP nzodinyni.«^.y|). «- 
dlgthvlphenvlaminocarhonvlmethvn- pvrroliriinft-?.carhnYylin s^n \H 
The title compound was prepared by the procedures described in Example 1 
1H NMR (300MHz, CDCI3) 5 1.08 (t, J=7Hz, 6H), 2.43 (q, J=7Hz, 4H). 3.00 (d, 
J=11Hz.1H). 3.05-3.15 (m,2H), 3.44 (s, 3H), 3.46 (d, J=1 1 Hz, 1 H), 3.45-3.55 (m, 
1 H). 3.65-3.75 (m. 1H). 3.75-3.80 (m. 2H). 3.93 (d, J=7Hz, 1 H), 4.12-4.17 (m, 2H). ' 
5.94 (dd, J=2Hz, 4Hz. 2H). 6.75 (d. J=8Hz, 1 H), 6.82 (dd, J=2Hz, 9Hz, 1 H), 6.87 (d 
J=2Hz,1H). 6.95 (d.J=8Hz.1H), 7.10 (d.J=6Hz.2H), 7.1 9-7.24 (m,1H), 7.37 (d. 
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d=8H2, 2H), 8.29 (s, 1 H). MS (APCI+) m/e 575 (M+H+). Anal. Calc for C33H38N2O7: 
C, 68.97 H. 6.67. N 4.87. Found: C. 68.92, H, 6.83, N. 4.77. 



ExamnlQ .?nA 
.Ethvir4-r2-methoxvethQyv\hP nzovn.anfttate 

Methyl 4-hydroxybenzoate was reacted with 1 -bromo-2-methoxyethane. and 
potassium carbonate in dimethylformamide. The resultant ester was hydrolyzed to 
the acid with NaOH in alcohol. This acid was reacted with carbonyl diimidazole in 
THF; the resulting imidazolide was reacted with the potassium salt of the mono ethyl 
ester of malonic acid, and magnesium chloride, to give the title compound as a 
colorless oil. 

Example SOB 

fra^g.rrfln,<;-?-(4-(?-MPthoxvethnyv'>phenvlV4-M ■q-h pn2Qriinxnl-.q.yh.-|.(p r. 
diethvlPhenvlaminocarbnnvlmQthvh.nvrmlirii n6-3-rarhnyyli^ 

The title compound was prepared by the procedures described in Example 1 , 
employing the b-ketoester described above as starting material. 1 H NMR (300MHz, 
CDCI3) d 1.08(t,J=7Hz,6H). 2.43 (q.J=7Hz.4H). 3.00 {d,JM1 Hz. 1H), 3.05-3.15 
(m, 2H). 3.44 (s. 3H). 3.46 (d. J=1 1 Hz. 1 H). 3.45-3.55 (m. 1 H). 3.65-3.75 (m. 1 H). 
3.75-3.80 (m. 2H), 3.93 (d. J=7H2. 1H). 4.12-4.17 (m. 2H). 5.94 (dd. J=2H2. 4Hz, 2H). 
6.75 (d. J«8Hz. 1 H). 6.82 (dd. J=2Hz. 9Hz. 1 H). 6.87 (d. J=2Hz. 1 H). 6.95 (d, J=8Hz, 
1 H). 7.1 0 (d. J=6Hz. 2H). 7.1 9-7.24 (m. 1 H). 7.37 (d, d=8Hz. 2H). 8.29 (s, 1 H). MS 
(APCI+) m/e 575 (M+H+). Anal. Calc for C33H38N2O7: C. 68.97 H. 6.67. N 4.87. 
Found: C, 68.92. H. 6.83, N, 4.77. 
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The following compounds of Examples 31- 857 can be prepared using the 
methods described in the above examples. 
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Example 858 

fra/7S.frans-2-M-Methnxy\phenvl-4-n 3-benzodioxol-5-vn-1-aA/-2.6- 
diethvlPhenvnaminocarbonvhamino-pyrrQlidinea-narhnxvlir. aniri 

5 E^^ample 656A 

Ethvl frans.frans-2-r4-mBthQxy^Dhenvl-4-ri . a-benzodioxnl-S-vn-l -amino-pvrrolidine- 

3-carboxvlate 

To a solution of I.OOg (2.71 mmol) ethyl fra/7s,f/'ans-2-{4-methoxy)phenyl-4-(1,3- 

10 benzodioxol-5-yl)-1-pyrrolidine-3-carboxylate in 6 mL of acetonitrile was added a 
solution of 1.18 g (10.4 mmol) of hydroxylamine-O-sulfonic acid in 2 mL of HgO. The 
homogeneous reaction mixture warmed spontaneously, and was stirred for 20 
minutes, then concentrated in vacuo. The residue was dissolved in 15 mL of ethyl 
acetate and extracted with 0.7M NaHCOg solution (2 x 25 mL), then brine (1x10 mL), 

15 dried over MgS04, filtered, and concentrated to a thick oil. This consisted of a mixture 
of the starting pyrrolidine and the corresponding l-afjiinopyrrolidine. To a solution of 
892 mg (2.2 mmol) of this oil in 10 mL of ethyl acetate was added 700 ,mg (3.21 
mmol) of di-tertbutoxycarbonic anhydride. The mixture was stirred at ambient 
temperature for 30 min, then concentrated in vacuo. Silica gel chromatography, 

20 elutirig with 30% EtOAc/Hex, gave 360 mg of ethyl frans,frans-2-(4-methoxy)phenyl- 
4-(1 ,3-benzodioxol-5-yl)-1-(tert-butoxycarbonyl)amino-pyrrolidine-3-carboxylate as a 
colorless oil. The desired prbduct was slightly more polar than the 
tertbutoxycarbonylpyrrolidine. To 360 mg (0.768 mmol) of the Boc hydazine was 
added 2 mL of trifluoroacetic acid. After stirring for 2h at ambient temperature, the 

25 solvent was removed in vacuo. The residue was taken up in 10 mL of 0.6M NaHCOg 
solution and extracted with ethyl acetate (3 x 3 mL). The combined ethyl acetate 
layers were back extracted with brine (1x3 mL), dried over MgSO^, filtered, and 
concentrated to 249 mg of a nearly coloriess oil. 
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Example 858B 

frans.f/ans-2-r4-Methoxv^Dhenvl-4-M .?.h enzodioxol-S-vn-l-((/V-2.6- 
diethvlDhenvnaminocarbonvhamino-DvrrolidineS-carboxvlin add 

5 To an ice cooled solution of 100 mg (0.670 mmol) of 2,6-diethylaniline in 2 mL of THF 
and 0.4 mL of A/,/S/-diisopropyl-A^-ethylamine was added 66 mg (0.223 mmol) of 
triphosgene. The suspension was stirred at 0 °C for 10 min, then a solution of 249 
mg (0.645 mmol) of ethyl frans,frans-2-(4-methoxy) phenyl-4-(1 ,3-benzodioxol-5-yl)- 
1-amino-pyrrolidine-3-carboxylate in 2 mL of THF was added. The mixture was 

10 stirred for 1 .5 h, then a 20 mL of 0.6M NaHCOj solution was added. The suspension 
was extracted with ethyl acetate (3x5 mL), dried over MgSO^, filtered, and 
concentrated to an oil which began to crystallize. This was taken up in a small 
amount of ethyl acetate, allowed to crystallize, and filtered to give 108 mg (30% from 
the hydrazine) of ethyl frans,frans-2-(4-Methoxy)phenyl-4-(1,3-benzodioxol-5-yl)-1- 

15 ((A/-2,6-diethylphenyl)aminocarbonyl) amlno-pyrrolidine3-carboxylate. Hydrolysis of 
the ester was perfomied as described for other examples to give the title compound 
as a white solid. NMR (300 MHz, dg-DMSO) 5 1 .00 (t, J=7.4, 6H), 2.33 (br t, 
J=7.0Hz. 4H), 2.90 (t, J=9.9Hz, 1 H), 3.38-3.50 (m, 2H), 3.59 (m, 1 H), 3.75 (s, 3H), 4.1 1 
(d, J=1 0.3Hz. 1H), 5.98 (d, J=0.7Hz, 1H), 5.99 (d, J=1.1Hz. 1H), 6.82 (m, 2H), 6.89 (d. 

20 J=8.4Hz, 2H), 7.03 (d, J=7.0Hz, 2H), 7.1 2 (m. 1 H), 7.33 (d, J=1 .5Hz, 1 H), 7.38 (s, 1 H), 
7.53 (d, J=8.8Hz. 2H), 8.02 (s, 1H), 12.3 (s, 1H); MS (GDI, m/z) 532 (MH*). Anal. 
Calcd for CaoHaaNgOe: C. 67.78, H. 6.26, N, 7.90. Found: C, 67.71 , H. 6.42. N, 7.82. 
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Examnle 859 

r2R.3S.4SV2r4-r2-methoxvethoxv^nhRn vn.4-n.3.hen7.odioxQl-5-vU.1-^Pfi 
diethvlDhenvlaminocarbonvlmethvh-Dvrrnliriin e-3-carbnxvlin ar.iri 
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Example 859A 

Ethvl r2R.3S,4S1-2f4-f2-methoxvethQXv)Dh6nvll-4-M .S-benzodioyol-S-vh- pyrrolidine- 

3-carbQxvlate 

5 Ethyl trans, frans-2[4-(2-methoxyethoxy)]-4-(1 ,3-benzodioxol-5-yl)- pyrrolidine-3- 
carboxyiate, from example 30, was reacted with di-fer/-butyl dicarbonate. and the 
resulting product was hydrolyzed with NaOH to give trans, trans -2-[4-(2- 
methoxyethyl)]-4-(1,3-benzodioxol-5-yl)-1-(tert-butyloxycarbonyl)-pyrrolidine-3- 
carboxylic acid. This acid was resolved by salt formation with R-(+)- alpha methyl 
10 benzylamine. The resolved salt was washed with aqueous HCI to remove the 
resolving agent, then heated with HCI in ethanol at 70 degrees C for 18 hours to 
produce ethyl [2R,3S,4S]-2[4-(2-methoxyethoxy)]-4-(1 ,3-benzodioxol-5-yl)- 
pyrrolidine-3-carboxylate. whibh was purified by chromatography on silica gel, eluting 
with ethyl acetate. 

15 

•.! 

Exampla 859B 

f2R.3S.4S1-2r4-(2-methoxvethoxv)Dhenvn-4-n.3-ben?odiQynl.5.vl)-l-(PR- 
diethvlDhenvlaminocarbonvlmethvn-pvrrolidine-3-car hoxvlic acid 

20 The title compound was prepared as described in Example 30, employing tiie 

compound of Example 859A as starting material. 1 H NMR (300MHz, CDCI3) 5 1.08 
(t, J=7Hz, 6H), 2.43 (q, J=7Hz, 4H). 3.00 (d, J=1 1 Hz, 1 H), 3.05-3.1 5 (m, 2H), 3.44 (s, 
3H), 3.46 (d, J=11Hz, 1H), 3.45-3.55 (m, 1H), 3.65-3.75 (m, 1H), 3.75-3.80 (m, 2H), 
3.93 (d, J=7Hz, 1 H), 4.12-4.17 (m, 2H), 5.94 (dd. J=2Hz, 4Hz, 2H), 6.75 (d, J=8Hz, 

25 1 H), 6.82 (dd, J=2Hz, 9Hz. 1 H), 6.87 (d, J=2Hz, 1 H). 6.95 (d. J=8Hz, 1 H), 7.1 0 (d. 
J=6Hz, 2H), 7.1 9-7.24 (m, 1 H), 7.37 (d. d=8Hz, 2H). 8.29 (s. 1 H). 
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Example 860 

trans. trans-2-( 4-a-Ethoxvethoxv))-4-( 1 J-benzodioxol-S-vlV 1 -(2.6- 
diethvbhenvlaminocaibonvlmethvl)-pviTolidine-3-carboxvlic acid 

The title compound was prepared by the procedures described in Example 30. 1 H 
NMR (300MHz, CD3OD) 6 1 .09 (t. J=7Hz, 6H), 1 .23 (t. J=7Hz. 3H), 2.47 (q. J=7Hz. 
4H), 3.4-3.55 (broad. 2H), 3.62 (q, J=7Hz. 2H), 3.6-3.9 (broad, 4H), 3.82 (m. 2H). 

4.16 (m, 2H), 4.4 (broad, 1H), 5.93 (dd. J=1Hz.2Hz. 2H). 6.77 (d. J=8Hz. 1H). 6.90 
(dd, J=2Hz. 8Hz. 1 H), 7.04 (m. 3H), 7.12 (m. 2H), 7.22 (dd. J=7Hz,9Hz, 2H), 7.44 (m, 
2H). MS (ESI+) m/e 589 (M+H+). Anal. Calc for C34H40N2O7.O.5TFA: C, 65.11. H. 
6.32. N 4.34. Found: C. 64.81, H. 6.36. N. 4.25. 

Example 861 

trans. fra/u-2-(4-(2-Isopropoxvethoxv))-4-(l .3-ben2odioxol-5-vn-l -(2.6- 
diethvlphepvlaimnocaibonvlmethvlVpvrrolidme-3-carboxvlic acid 

The title compound was prepared by the procedures described in Example 30. H 
NMR (300MHz. CD3OD) 5 1.10 (t. J=7Hz, 6H), 1.18 (2, J=7Hz, 6H), 2.47 (q, J=7Hz. 
4H). 3.4-3.55 (broad, 2H). 3.6-3.9 (broad, 4H), 3.75 (hept, 1H, J=7Hz). 3.82 (m. 2H), 

4.17 (m, 2H), 4.4-4.5 (broad, 1 H), 5.93 (broad s. 2H). 6.78 (d. J=8Hz, 1H), 6.90 (dd, 
J=2Hz, 8Hz, 1H), 7.05 (m, 3H). 7.12 (m, 2H), 7.20 (dd. J=7Hz,9Hz, 2H), 7.56 (m, 2H). 
MS (ESI+) m/e 603 (M+H+). Anal. Calc for C35H42N2O7.O.6TFA: C. 64.79. H. 6.40. 
N.4.17. Found: C. 64.40. H. 6.53. N. 4.20. 
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Example 862 

trans.trans-2-(4-(2-?Tovoxy))-4-( 1 .4-ben2odioxan-6-vl)-l -(2,6-diethvlphenvlaminocarbonvlmethvl)- 

p\Trolidine-3-cari?oxvlic acid 

5 The title compound was prepared by the procedures described in Example 1 . H 

NMR (300MHz, CD3OD) 5 1.06 (t, J=7Hz, 3H), 1.09 (t. J=7Hz, 6H). 1.81 (m, 2H), 2.46 

(q, J=7Hz. 4H), 3.3 (m. 2H), 3.4-3.5 (broad. 2H), 3.6-3.9 (broad. 4H), 3.95 (t, J=6Hz, 
2H), 4.22 (s, 4H), 4.4 (broad. 1 H), 6.80 (d. J=8Hz, 1 H), 6.92 (dd. J=2Hz, 8H2, 1 H), 
6.99 (m, 3H), 7.13 (m. 2H), 7.22 (dd, J=7Hz,9Hz, 2H), 7.44 (m, 2H). MS (ESI+) m/e 
10 573 (M+H+), 595 (M+Na+). Anal. Calc for C34H48N2O6.O.6TFA: C, 65.95, H, 6.38, 
N4.37. Found: C, 65.83, H, 6.40, N, 4.31. 

Example 863 

trans. frans-2r(4-butoxvphenvm-4-n 3-hP nzodioxol-5-vn-1 -(2.6- 
15 diethvlDhenvlaminocarbonvlmethvn.r^vrmliftine-3-carbQxvlic acid 

The title compound was prepared by using the method of example 30 by substituting 
1-bromobutane for 1 -bromo-2-metlioxyethane. 1H NMR (300MHz, CDCI3) 5 0.99 (t, 

J=7Hz. 3H), 1.08 (t, J=7Hz, 6H). 1.42-1.57 (m, 2H), 1.73-1.82 (m, 2H), 2.42 (q, J=7Hz, 
20 4H), 3.00 (d, J=:11Hz, 1H), 3.05-3.15 (m, 2H), 3.46 (d, J=11Hz, 1H), 3.50-3.55 (m, 1H), 
3.65-3.75 (m, 1H), 3.93-4.00 (m, 3H), 5.94 (dd, J=2Hz. 4Hz, 2H), 6.75 (d, J=8Hz, 1H), 
6.82 (dd, J=2Hz, 9Hz, 1H), 6.87 (d, J=2Hz, 1H), 6.93 (d, J=8Hz, 1H), 7.10 (d. J=7Hz, 
2H), 7.19-7.24 (m, 1H), 7.37 (d, H=8Hz, 2H), 8.30 (s, 1H). MS (APCI+) m/e 573 

(M+H+). Anal. Calc for C34H40N2O6: C, 71.31 H, 7.04 N, 4.89. Found: C. 71.05 
25 H, 7.09 N,4.83 
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Example 864 

trans. frans-2r4-((2-methoxvethoyv>Bthnyv\nhfinvn-4-n .-^- benzodioxnl-S-vlVI •^2.6- 
diethvlDhenvlaminncarbonvlmfithvn-Dvrrnlif1in e-3-rarhnyvlin arid 

5 The title compound was prepared by using the method of example 30 by substituting 
1-bromo-2-(2-methoxyethoxy)ethane for 1 -bromo-2-methoxyethane. NMR 
(300MHz, CDCI3) 5 1 .08 (t. J=7Hz. 6H), 2.43 (q. J=7H2. 4H), 3.00 (d. J= 1 1 Hz. 1 H), 

3.05-3.15 (m. 2H), 3.40 (s. 3H). 3.46 (d, J=11Hz, 1H). 3.44-3.55 (m. 1H). 3.57-3.62 (m. 
2H), 3.65-3.75 (m. 1H), 3.70-3.75 (m, 2H). 3.88 (t. J=6Hz, 2H), 3.93 (d, J=7Hz, 1H), 
10 4.15 (t. J=7Hz. 2H). 5.94 (dd, J=2H2, 4Hz, 2H), 6.75 (d, J=8Hz, 1 H). 6.82 (dd, J=2Hz, 
9Hz, 1 H), 6.87 (d. J=2Hz, 1 H), 6.93 (d, J=8Hz, 1 H), 7.1 0 (d, J=7Hz. 2H). 7.1 9-7.24 (m, 
1 H), 7.37 (d, H=8Hz. 2H), 8.30 (s, 1 H). MS (APCI+) m/e 61 9 (M+H+). Anal. Calc for 
C35H42N2O8: C, 67.94 H,6.84 N, 4.53. Found: C. 67.49 H,6.90 N,4.41. 



. Example 865 

trms. frans-2[f3-proDoxvDhenvhl-4-M ■.'^■ha nzodioxol-5-vh.i .(P R. 
diethYlPhenvlaminQcarbonvlmethyn-nvrrniidine-a-narhnYi/iin arin 

20 The title compound was prepared by using the method of example 30 by substituting 
1-bromopropane for 1-bromo-2-methoxyethane and methyl S-hyroxybenzoate for 
ethyl 4-hyroxybenzoate. H NMR (300MHz. CDCI3) 5 1 .02 (t, J=7Hz, 3H), 1 .08 (t, 
J=7Hz. 6H), 1.75-1.87 (m, 2H), 2.43 (q. J=7Hz, 4H). 3.02 (d, J=11Hz. 1H), 3.09-3.20 
(m, 3H).. 3.48-3.56 (m. 2H). 3.65-3.75 (M. 1 H), 3.90 (t, J=7Hz. 2H). 3.98 (d, J=8H2, 

25 1H). 5.94 (dd. J=2Hz, 4Hz. 2H). 6.75 (d, J=8Hz, 1H). 6.80-6.89 (m, 3H). 6.98-7.05 (m. 
2H). 7.10 (d.J=8Hz.2H), 7.19-7.32 (m,2H), 8.30 (S.1H). MS (APCi+) m/e 559 
(M+H+). Anal. Calc for C33H38 N2O6: C. 70.94 H.6.86 N.5.01. Found: C. 70.65 
H.6.63 N,4.92. 
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Example 866 

fran5.frans-2-(4-r2-methoxv^ethvhphenv l-4-M.3-benzodioxol-5-vn-1-(W-2.6- 
diethvlDhenvnaminocarbonvnmethvl-pyrrQiidine-3-carboxylic acid 

5 Example B66A 

4-r2-methoxv^ethvlbenzQin add 

To a 3-necked 50 mL flask fitted with two septa and a nitrogen balloon was 
added 800 mg (20 mmol) of 60% NaH dispersed in mineral oil. The oil was removed 

10 by washing and decanting with hexanes (3x5 mL), using a pipette and keeping a 
positive pressure of Ng over the flask. Next, 5 mL of THF was added, the suspension 
was cooled with an ice bath, then a solution of 2.01 g (10.0 mmol) of 4- 
bromophenethanol in 5 mL of THF was added via cannula. The ice bath was 
removed, and the mixture was stirred for 10 min, then 700 mL (11 mmol) of 

15 iodomethane was added. The mixture was stirred at ambient temperature for 1 h, 
then 1 mL of HjO was added to quench the excess NaH. The reaction was poured 
into 50 mL of HJD, then extracted with diethyl ether (3 x 20 mL). The combined ether 
layers were back extracted with brine (1 x 20 mL), dried over MgSO^, filtered, and 
concentrated to 2.08g (97%) of a colorless oil. To a solution of 1.03 g (4.78 mmol) of 

20 the above 4-(2-methoxy)ethylbromobenzene in 1 0 mL of THF was added 400 mg of 
magnesium turnings, and a crystal of Ig. The mixture was heated to reflux under Nj for 
5 min, then cooled to ambient temperature. The Grignard reagent was transferred via 
syringe to a 50 mL 3-necked flask under Ng. A balloon of CO^ was opened over the 
reaction, and the red color quickly faded to yellow. After stirring for 1 h at ambient 

25 temperature, the reaction was concentrated in vacuo. The residue was taken up in 
20 mL of HgO and acidified with 12M HCI to pH=1 , then extracted with diethyl ether (3 
X 10 mL). The combined ether layers were back extracted with 2M NaOH (3x5 mL), 
then the combined NaOH layers were extracted with diethyl ether (2x5 mL). The 
basic layers were treated with 12M HCI until pH= 1, then the product was extracted 

30 with ethyl acetate (2 x 5 mL); The combined ethyl acetate layers were back extracted 
with brine (1 x 5 mL), dried over MgSO^, filtered, and concentrated to 427 mg (50%) 
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Of 4-(2-methoxy)ethylbenzoic acid as a yellow solid. The yellow impurity did not 
interfere with any subsequent reactions. 

Examole 866B 

5 fra/7S.?ra/7S-2-f4-r2-methoxv^ethvnnhPnvl.4-n.3-bBn7nrii oxol-5-vn.1.frA/-2fi- 
diethvlDhenvnaminocarbonvnmftthvl-Dvrrnlifjin fi-3-carbf)xvlin aniri 

Prepared according to the procedures described in Example 1. 'H NMR (300 MHz, 
cfg-DMSO) 6 1.00 (t. J=7.5Hz. 6H). 2.40 (q. J=7.5Hz. 4H). 2.66 (t, J=8.3Hz, 1 H). 2.79 (t, 

10 J=6.8Hz, 2H). 2.87 (d. J=1 5.6Hz. 1 H), 3.00 (t, J=9.2Hz, 1 H), 3.20 (d, J=1 5.9Hz. 1 H). 
3.24 (s, 3H), 3.42-3.47 (m, 1 H), 3.53 (t, J=6.9Hz. 1 H). 3.60 (m. 1 H), 3.91 (d. J=9.5Hz, 
1 H), 5.94 (s, 2H). 6.76 (d, J=7.8Hz, 1 H), 6.84 (dd. J=1 .4Hz, 8.1 Hz. 1 H), 7.08 (d. 
J=7.5Hz. 2H). 7.1 7 (d. J=6.4Hz. 3H). 7.22 (d. J=1 .4Hz. 1 H), 7.51 (d, J=8.1 Hz, 2H), 
9.21 (s, 1H); MS (CDI m/j^ 559 (MH*); Anal. Calcd for C33H38N2O6«0.20 H3PO,. C, 

15 68.54, H, 6.73, N, 4.84. Found d, 68.28. H, 6.46, N, 4.82. 

Example Rfi7 

trans. frans-2r3-(2-methoxvethnxv\nhfi nvn-4-M ^-henzodioxni-.S-vh-IWP R- 
diethvlDhenvlaminocarbonvlmBthv n-Dvrroliriine-3-carboxyliR aniri 

20 

The title compound was prepared by using the method of example 30 by 
substituting methyl 3-hydroxybenzoate for methyl 4-hyroxybenzoate. 1 H NMR (300 
MHz. CDCI3) 5 1.08 (t. J=7Hz. 6H). 2.43 (q. J=7Hz, 4H), 3.00-3.20 (m, 3H), 3.42 (s. 
3H), 3.50 (d. J=1 1 Hz, 1 H). 3.53-3.59 (m, 1 H). 3.65-3.75 (m, 1 H), 3.75 (t, J=6Hz. 2H), 
25 3.98 (d. J=8Hz. 1 H). 4.1 1 (t, J=6Hz. 2H), 5.94 (dd, J=2Hz, 4Hz, 2H). 6.75 (d, J=8Hz. 
1H), 6.80-6.89 (m. 3H). 7.05-7.10 (m, 2H). 7.10 (d, J=8Hz. 2H). 7.19-7.32 (m, 2H). 
8.30 (s, 1H). MS (APCI+) m/e 575 (M+H+) Anal. Calc for C33H38N207: C. 68.97 
H,6.67 N,4.87. Found: C, 68.78 H,6.84 N.4.72. 
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Example 868 

trans. f/ans.2fr2-methvl.4-DroDoyvphenvl>1-4-n ■3 -ben2oriinxol-5-vlV1 -(2.6- 
diethvlDhenvlaminocarbnnvlmethvlVpvrr olidinR-3-carboxvlic acid 

Example 868A 
Ethvl f4-DroDQxv-2.mBthvlhenzQvn acetate 

4-Hydroxy-2-methylacetophenone was reacted with 1 -bromopropane and potassium 
carbonate in dimethylformamide to give 4-propoxy-2-methylacetophenone. This 
compound was reacted with diethyl carbonate, using the method described in 
example 1 5B to provide the title compound. 
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Example BfifiR 

trans. frans-2rf2-methvl-4-DroDoxvnhPn vm-4-f 1 ■3-hRnzodioxol-5-vh-1 -r? fi- 
diethvlDhenvlaminocarbonvlmRthvn-Dvrrolidin B-S.carhnxvlin anirl 

5 Prepared using the procedures described in Example 30, employing the compound 
of Example 868A as starting material. 1 H NMR (300 MHz, CDCI3) 8 1 .02 (t, J=7Hz, 

3H), 1.08 (t, J=7Hz, 6H). 1.75-1.85 (m, 2H), 2.33 (s, 3H), 2.40-2.48 (q, J=7Hz. 4H), 
2.98 (d, J=11Hz, 1H), 3.06-3.18 (m, 2H), 3.39 (d, J=11Hz, 1H), 3.50-3.58 (m. 1H), 
3.65-3.75 (m, 1H), 3.90 (t, J=7Hz, 2H), 4.28 (d, J=8Hz, 1H), 5.94 (dd, J=2Hz, 4Hz, 2H). 
10 6.70-6.88 (m, 5H), 7.08-7.25 (m, 3H), 7.48 (d, J=8Hz. 1 H), 8.28 (s, 1 H). MS (APCI+) 
m/e 773 (M+H+). Anal. Calc for C34H40N2O6: C, 70.56 H,7.79 N. 4.33. Found: 
C, 70.16 H,7.70 N,4.26. 

Example R6Q 

15 f/ans.^ra/7S-2-f4-f3-meth oxv^Dropvhphenvl-4-n.3-benzodioxol-5-vh-1-r/A/-Pfi- 
diethvlDhenvnaminonarbQnvl^mfithv|.Dvrmliriinft.. 3-carboxvnR aniri 

Example 869A 
, 4-r3-methoxv^pronvlhBn7nir ariri 

20 

To a mixture of lO.Og (46.5 mmol) of methyl 4-bromobenzoate, 325 mg (1.45 mmol) of 
palladium(ll)acetate, 15.1g (51.0 mmol) of tetrabutylammonium chloride, and 13.7g 
(140 mmol) of potassium acetate was added 200 mL of DMF. The mixture was 
degassed and back filled with Nj twice, then 10 mL of allyl methyl ether was added. 

25 The reaction was stirred at 50 °C for 6h, then at ambient temperature for 66h. The 
reaction was monitored by TLC (20% ethyl acetate/ hexanes). Additional Pd catalyst 
(319 mg) was added after this time, as some bromoester remained. After heating at 
50 "C under Nj for 2h, the reaction was poured into 1 L of water, and this suspension 
was divided into two portions for ease of handling. Each was extracted with diethyl 

30 ether (3 x 100 mL). then each set of ether layers was back extracted with water (1 x 
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100 mL), saturated aq. NaHCOs solution (1 x 100 mL), and brine (1 x 100 mL), dried 
over MgS04, filtered and concentrated in vacuo. The combined crude yield of methyl 
4-(3-methoxy-1-propenyl)benzoate and methyl 4-(3-methoxy-2-propenyl)benzoate 
was 9.17 g. To a mixture of 8.57g (41 .6 mmol) of the above and 400 mg of 1 0% Pd-C 
5 was added 75 mL of THF. The mixture was stirred at ambient temperature under 1 
atm of Hj for 2h, then the catalyst was filtered away, and the solvent was removed in 
vacuo. Purification via a 15% ethyl acetate/hexanes column gave 3.35 g (39%) of 
methyl 4-(3-methoxypropyl)benzoate as a colorless oil. This material was combined 
with 20 mL of 1.39M NaOH in 5:1 ethanokHjO. The reaction was heated at reflux for 
10 30 min, then concentrated in vacuo. The residue was taken up in 25 mL of HjO, then 
40 mL of 1 M HCI was added. The mixture was extracted with diethyl ether (3 x 25 
mL), then the combined ether layers were back extracted with brine (1 x 25 mL), dried 
over MgS04, filtered, and concentrated in vacuo to 3.03 g (97%) of 4-(3- 
methoxy)propylbenzoic acid as a white solid. 

15 

Example 869 

f/affS.f/ans-2-f4-f3-methoxv^DroDvnDhenvM.f1 ■3-benzodioxol.5-vh.1 wrA^g fi. 
diethvlDhenvhaminocarbonvhmBthvl-pvrrolidine.3-carboxyliR add 

20 Prepared according to the procedures of Example 1 . 'H NMR (300 MHz, d^-DMSO) 5 
1.00 (t, J=7.5Hz. 6H), 1.80 (m. 2). 2.41 (q. J=7.5Hz, 4H). 2.62 (t. J=7.7Hz, 2H). 2.86 (t. 
J=9.7Hz. 1H), 2.93 (d, J=15.8Hz, 1H). 3.11 (t, J=9.6Hz, 1H). 3.18 (d, J=16.2Hz, 1H). 
3.23 (s, 3H). 3.31-3.40 (m. 2H), 3.50 (m, 1 H), 3.53 (m. 1 H). 3.95 (d. J=9.9Hz. 1 H), 5.98 
(s, 2H), 6.80 (dd. J=1.5Hz, 8.1Hz. 1H). 6.85 (dd, J=1.5Hz. 8.1Hz, 1H). 7.10 (d, 

25 J=7.0Hz, 2H). 7.1 8 (m. 3H), 7.28 (d, J=1 .5Hz. 1 H). 7.53 (d, J=8.1 Hz, 1 H), 9.28 (s, 1 H); 
MS (GDI m/z) 571 (MH*); Anal. Calcd for C3^H4oN2O6'0.05H3PO4: C, 70.70. H, 7.00. N, 
4.85. Found: C, 70.68. H, 6.91, N, 4.62. 

30 As an indication that the compounds described herein act through binding to 

endothelin receptors, the compounds have been evaluated for their ability to displace 
endothelin from its receptor. 
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Binding Assay 
FTfl Receptor 

Preparation of membranes from Porcine cerebellum; 
5 Porcine cerebellum was homogenized in 25 volumes (w/v) of 10 mM Hepes 

(pH 7.4) containing 0.25 M sucrose and protease inhibitors (3 mM EDTA, 0.1 mM 
PMSF, and 5 |jg/ml Pepstatin A) by 3-10 sec polytron at 13,500 rpm with 10 sec 
Intervals. The mixture was centrifuged at lOOOxg for 10 min. The supernatant was 
collected and centrifuged at 30,000xg for 30 min. The precipitate was resuspended 

10 in Buffer A (20 mM Tris, 100 mM NaCI, 10 mM MgCIa, pH 7.4) containing the 

aforementioned protease inhibitors and centrifuged again. The final pellet was 
resuspended in Buffer A containing protease inhibitors and stored at -80*C until 
used. Protein content was determined by the Bio-Rad dye-binding protein assay. 
[i2 5|]ET-3 binding to membranes: 

15 Binding assays were performed in 96-well microtiter plates pretreated with 

0.1% BSA. Membranes prepared from cells were diluted -100 fold in Buffer B (20 
mMTris, 100 mM NaCI. 10 mM MgCb, pH 7.4, with 0.2% BSA, 0.1 mM PMSF, 5 
pg/mL Pepstatin A, 0.025% bacitracin, and 3 mM EDTA) to a final concentration of 0.2 
mg/mL of protein. In competition studies, membranes (0.02 mg) were incubated with 

20 0.1 nM of [i25|]ET-3 in Buffer B (final volume: 0.2 mL) in the presence of increasing 
concentrations of unlabeled ET-3 or a test compound for 4 hours at 25 "C. After 
Incubation, unbound ligands were separated from bound ligands by a vacuum 
filtration method using glass-fiber filter strips in PHD cell harvesters (Cambridge 
Technology, Inc., MA), followed by washing the filter strips with saline (1 mL) for three 

25 times. Nonspecific binding was determined in the presence of 1 pM ET-1. The data 
are shown in Table 1 . The per cent inhibition at a concentration of 1 ^M is shown. 
The data show that the compounds of the invention bind to the endothelin receptor. 
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Table 1 
Binding Data 



============ 


% innioition ot 




% Inhibition of 




ETr 




PTd 
c 1 B 




at 1 nM 


CAainpic 


9t 1 llM 


1 


96.4 


2 


91.5 


3 


82.1 


4 


94.0 


5 


96.5 


6 


92.9 


7 


94.5 


8 


93.6 


9 


94.8 


10 


95.2 


11 


96.0 


12 


96.7 


13 


91.3 


14 


96.6 


15 


93.4 


16 


92.3 


17 


97.1 


18 


94.9 


19 


94.9 


20 


95.5 


21 


97.1 


22 


95.3 


23 


99.1 


24 


93.3 


25 


95.7 


26 


98.0 


27 


98.8 


28 


97.2 


29 


94.7 


30 


97.4 


858 


98.3 


859 


95.6 


860 


93.0 


861 


96.7 


862 


92.8 


863 ' 


92.7 


864 


96.3 


865 


92.1 


866 


92.0 


867 


93.5 


868 


96.1 


869 


98.9 



The ability of the compounds of the invention to lower blood pressure can be 
demonstrated according to the methods described in Matsumura, et al., Eur. J. 
Pharmacol. IfiS 103 (1990) and Takata.et al., Clin. Exp. Pharmacol. Physiol. IQ 131 
(1983). 
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The ability of the compounds of the invention to treat congestive heart failure 
can be demonstrated according to the method described in Margulies, et al., 
Circulation Q2 2226 (1990). 

The ability of the compounds of the invention to treat myocardial ischemia can 
5 be demonstrated according to the method described in Watanabe, et al., Nature 
114 (1990). 

The ability of the compounds of the invention to treat coronary angina can be 
demonstrated according to the method described in Heistad, et al., Circ. Res. 54 71 1 
(1984). 

10 The ability of the compounds of the invention to treat cerebral vasospasm can 

be demonstrated according to the methods described in Nakagomi, et al., J. 
Neurosurg. M 915 (1987) or Matsumura, et al., Life Sci. 4^ 841-848 (1991). 

The ability of the compounds of the invention to treat cerebral ischemia can be 
demonstrated according to the method described in Hara et a!., European. J. 
15 Pharmacol. laZ: 75-82. (1 991 ). 

The ability of the compounds of the invention to treat acute renal failure can be 
demonstrated according to the method described In Kon, et al., J. Clin. Invest. M 
1762 (1989). 

The ability of the compounds of the invention to treat chronic renal failure can 
20 be demonstrated according to the method described in Benigni, et al., Kidney Int. M 
440-444 (1993). 

The ability of the compounds of the invention to treat gastric ulceration can be 
demonstrated according to the method described in Wallace, et al.. Am. J. Physioi. 
2S£G661 (1989). 

25 The ability of the compounds of the invention to treat cyclosporin-mduced 

nephrotoxicity can be demonstrated according to the method described in Kon, et al., 
Kidney Int. 37 1487 (1990). 

The ability of the compounds of the invention to treat endotoxin-induced 
toxicity (shock) can be demonstrated according to the method described in 
30 Takahashi, et al.. Clinical Sci. ZS 61 9 (1 990). 

The ability of the compounds of the invention to treat asthma can be 
demonstrated according to the method described in Potvin and Varma, Can. J. 
Physiol, and Pharmacol. fiZ 1213 (1989). 
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The ability of the compounds of the invention to treat transplant-induced 
atherosclerosis can be demonstrated according to the method described in Foegh, et 
al., Atherosclerosis 78 229-236 (1989). 

The ability of the compounds of the invention to treat atherosclerosis can be 
5 demonstrated according to the methods described in Bobik, et a!., Am. J. Physiol. 258 
C408 (1990) and Chobanian, et aL, Hypertension 15 327 (1990). 

The ability of the compounds of the invention to treat LPL-related lipoprotein 
disorders can be demonstrated according to the method described in Ishida, et al., 
Biochem. Pharmacol. 44 1431-1436 (1992). 
10 The ability of the compounds of the invention to treat proliferative diseases can 

be demonstrated according to the methods described in Bunchman ET and CA 
Brookshire, Transplantation Proceed. 23 967-968 (1991); Yamagishi, et al., Biochem. 
Blophys. Res. Comm. 191 840-846 (1993); and Shichiri, et aL, J. Clin. Invest. 87 
1867-1871 (1991). Proliferative diseases include smooth muscle proliferation, 
15 systemic sclerosis, cirrhosis of the liver, adult respiratory distress syndrome, 
idiopathic cardiomyopathy, lupus erythematosus, diabetic retinopathy or other 
retinopathies, psoriasis, scleroderma, prostatic hyperplasia^ cardiac hyperplasia, 
restenosis following arterial injury or other pathologic stenosis of blood vessels. 

The ability of the compounds of the invention to treat acute or chronic 
20 pulmonary hypertension can be demonstrated according to the method described in 
Bonvallet et al., Am. J. Physiol. 2M HI 327 (1994). Pulmonary hypertension can be 
associated with congestive heart failure, mitral valve stenosis, emphysema, lung 
fibrosis, chronic obstructive pulmonary disease (COPD), acute repiratory distress 
syndrome (ARDS), altitude sickness, chemical exposure, or may be idiopathic. 
25 The ability of the compounds of the invention to treat plaletet aggregation, and 

thrombosis, can be demonstrated according to the method described in McMurdo et 
al. Eu. J. Pharmacol. 259 51 (1994). 

The ability of the compounds of the invention to treat cancers can be 
demonstrated according to the method described in Shichiri, et al., J. Clin. Invest. 8Z 
30 1867 (1991). 

The ability of the compounds of the Invention to treat adenocarcinoma can be 
demonstrated according to the method described in Nelson, et al.. Nature Medicine, 
L (9), 944 (1995). 

The ability of the compounds of the invention to treat IL-2 (and other cytokine) 
35 mediated cardiotoxicity and vascular permeability disorders can be demonstrated 
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according to the method described in Klemm et al., Proc. Nat. Acad. Sci. 9£ 2691 
(1995). 

The ability of the compounds of the invention to treat nociception can be 
demonstrated according to the method described in Yamamoto et ai., J. Pharmacol. 
5 Exp. Therap. 2Z1156 (1 994). 

The ability of the compounds of the invention to treat colitis can be 
demonstrated according to the method described in Hogaboam et al (EUR. J. 
Pharmacol. 1996, 202., 261-269). 

The ability of the compounds of the invention to treat ischemia-repurfusion 

10 injury in kidney transplantation can be demonstrated according to the method 
described In Aktan et al (Transplant Int 1996, a, 201-207). 

The ability of the compounds of the invention to treat angina, pulmonary 
hypertension, Raynaud's disease, and migraine can be demonstrated according to 
the method described in Ferro and Webb (Drugs 1996, 51,12-27). 

15 The compounds of the present invention can be used in the form of salts 

derived from Inorganic or organic adds. These salts include but are not limited to the 
following: acetate, adipate, alginate, iatrate, aspartate, benzoate. benzenesulfonate, 
bisulfate, butyrate, camphorate, camphorsulfonate, digluconate, 
cyclopentanepropionate, dodecylsulfate, ethanesulfonate, glucoheptanoate, 

20 glycerophosphate, hemisulfate, heptanoate, hexanoate, fumarate, hydrochloride, 
hydrobromide, hydroiodlde, 2-hydroxy-ethanesulfonate, lactate, maleate, 
methanesulfonate, nicotinate, 2-naphthalenesulfonate, oxalate, pamoate, pectinate, 
persulfate, 3-phenylpropionate, picrate, pivalate, propionate, succinate, tartrate, 
thiocyanate, p-toluenesulfonate and undecanoate. Also, the basic nitrogen- 

25 containing groups can be quaternized with such agents as loweralkyi halides, such 
as methyl, ethyl; propyl, and butyl chloride, bromides, and iodides; dialkyi sulfates 
like dimethyl, diethyl, dibutyl, and diamyl sulfates, long chain halides such as decyl, 
lauryl, myristyl and stearyl chlorides, bromides and iodides, aralkyi halides like 
benzyl and phenethyl bromides, and others. Water or oil-soluble or dispersible 

30 products are thereby obtained. 

Examples of acids which may be employed to form pharmaceutically 
acceptable acid addition salts include such Inorganic acids as hydrochloric acid, 
sulphuric acid and phosphoric acid and such organic adds as oxalic add, maleic 
acid, sucdnic acid and dtric add. Basic addition salts can be prepared in situ during 

35 the final isolation and purification of the compounds of formula (I), or separately by 
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reacting the carboxylic acid function with a suitable base such as the hydroxide, 
carbonate or bicarbonate of a pharmaceutically acceptable metal cation or with 
ammonia, or an organic primary, secondary or tertiary amine. Such pharmaceutically 
acceptable salts include, but are not limited to, cations based on the alkali and 
5 alkaline earth metals, such as sodium, lithium, potassium, calcium, magnesium, 

aluminum salts and the like, as well as nontoxic ammonium, quaternary ammonium, 
and amine cations, including, but not limited to ammonium, tetramethylammonium, 
tetraethylammonium, methylamine, dimethylamine, trimethylamine, triethylamine, 
ethylamine, and the like. Other representative organic amines useful for the 

10 formation of base addition salts include diethylamine, ethylenediamine, 
ethanolamine, diethanolamine, piperazine and the like. 

The compounds of the invention are useful for antagonizing endothelin in a 
human or other mammal. In addition, the compounds of the present invention are 
useful (in a human or other mammal) for the treatment of hypertension, acute or 

15 chronic pulmonary hypertension, Raynaud's disease, congestive heart failure, 
myocardial ischemia, reperfusion injury, coronary angina, cerebral ischemia, 
cerebral vasospasm, chronic or acute renal failure, non-steroidal antiinflammatory 
drug induced gastric ulceration, cyclosporin induced nephrotoxicity, endotoxin- 
induced toxicity, asthma, fibrotic or proliferative diseases, including smooth muscle 

20 proliferation, systemic sclerosis, cirrhosis of the liver, adult respiratory distress 

syndrome, idiopathic cardiomyopathy, lupus erythematosus, diabetic retinopathy or 
other retinopathies, psoriasis, scleroderma, prostatic hyperplasia, cardiac 
hyperplasia, restenosis following arterial injury or other pathologic stenosis of blood 
vessels, LPL-related lipoprotein disorders, transplantation-induced atherosclerosis or 

25 atherosclerosis in general, platelet aggregation, thrombosis, cancers. 

adenocarcinoma, IL-2 and other cytokine mediated cardiotoxicity and permeability 
disorders, colitis, migraine, and nociception. 

Total daily dose administered to a host in single or divided doses may be in 
amounts, for example, from 0.001 to 1000 mg/kg body weight daily and more usually 

30 0.1 to 100 mg/kg for oral adrtilnistration or 0.01 to 10 mg/kg for parenteral 

administration. Dosage unit compositions may contain such amounts of submultiples 
thereof to make up the daily dose. 

The amount of active ingredient that may be combined with the carrier 
materials to produce a single dosage form will vary depending upon the host treated 

35 and the particular mode of administration. 
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It will be understood, however, that the specific dose level for any particular 
patient will depend upon a variety of factors including the activity of the specific 
compound employed, the age, body weight, general heaKh, sex. diet, time of 
administration, route of administration, rate of excretion, drug combination, and the 
5 severity of the particular disease undergoing therapy. 

The compounds of the present invention may be administered orally, 
parenterally, subiingually, by inhalation spray, rectally, or topically in dosage unit 
formulations containing conventional nontoxic pharmaceutically acceptable carriers, 
adjuvants, and vehicles as desired. Topical administration may also involve the use 

10 of transdermal administration such as transdermal patches or iontophoresis devices. 
The term parenteral as used herein includes subcutaneous injections, intravenous, 
intramuscular, intrasternal injection, or infusion techniques. 

Injectable preparations, for example, sterile injectable aqueous or oleagenous 
suspensions may be formulated according to the known art using suitable dispersing 

15 or wetting agents and suspending agents. The sterile injectable preparation may 
also be a sterile injectable solution or suspension in a nontoxic parenterally 
acceptable diluent or solvent, for example, as a solution in 1 ,3-propanediol. Among 
the acceptable vehicles and solvents that may be employed are water. Ringer's 
solution, and isotonic sodium chloride solution. In addition, sterile, fixed oils are 

20 conventionally employed as a solvent or suspending medium. For this purpose any 
bland fixed oil may be employed including synthetic mono- or diglycerides. In 
addition, fatty acids such as oleic acid find use in the preparation of injectables. 

Suppositories for rectal administration of the drug can be formulated according 
to the l^nown art:' The title compound was prepared by mixing the drug with a suitable 

25 nonirritating excipient such as cocoa butter and polyethylene glycols which are solid 
at ordinary temperatures but liquid at the rectal temperature and will therefore melt in 
the rectum and release the drug. 

Solid dosage forms for oral administration may include capsules, tablets, pills, 
powders, and granules. In such solid dosage forms, the active compound may be 

30 admixed with at least one inert diluent such as sucrose lactose or starch. Such 

dosage forms may also comprise, as Is normal practice, additional substances other 
than inert diluents, e.g., lubricating agents such as magnesium stearate. In the case 
of capsules, tablets, and pills, the dosage forms may also comprise buffering agents. 
Tablets and pills can additionally be prepared with enteric coatings. 
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Liquid dosage forms for oral administration may include pharmaceutically 
acceptable emulsions, solutions, suspensions, syrups, and elixirs containing inert 
diluents commonly used in the art, such as water. Such compositions may also 
comprise adjuvants, such as wetting agents, emulsifying and suspending agents, 
and sweetening, flavoring, and perfuming agents. 

The compounds of the present invention can also be administered in the form 
of liposomes. As is known in the art, liposomes are generally derived from 
phospholipids or other lipid substances. Liposomes are formed by mono- or multi- 
lamellar hydrated liquid crystals that are dispersed in an aqueous medium. Any non- 
toxic, physiologically aceptable and metabolizable lipid capabale of forming 
liposomes can be used. The present compositions in liposome form can contain, in 
addition to a compound of the present invention, stabilizers, preservatives, 
excipients, and the like. The preferred lipids are the phospholipids and phosphatidyl 
cholines (lecithins), both natural and synthetic. 

Methods to form liposomes are known in the art. See, for example, Prescott. 
Ed., Methods in Cell Biology . Volume XIV, Academic Press, New York, N.Y. (1976), p. 
33 et seq. 

A representative solid dosage form, for example, a tablet or a capsule, 
comprises: 

Compound of the invention: 35% w/w 
Starch, Pregelatinized, NF50% w/w 
Microcrystailine Cellulose, NF 10% w/w 
Talc, Powder, USP 5% w/w 

While the compounds of the invention can be administered as the sole active 
pharmaceutical agent, they can also be used in combination with one or more 
cardiovascular agents independently selected from diuretics, adrenergic blocking 
agents, vasodilators, calcium channel blockers, renin inhibitors, angiotensin 
converting enzyme (ACE) inhibitors, angiotensin II antagonists, potassium channel 
activators and other cardiovascular agents. 

Representative diuretics Include hydrochlorothiazide, chlorothiazide, 
acetazolamide, amiloride, bumetanide, benzthiazlde, ethacrynic acid, furosemide, 
indacrinone, metolazone, spironolactone, triamterene, chlorthalidone and the like or 
a pharmaceutically acceptable salt thereof. 

Representative adrenergic blocking agents include phentolamine, 
phenoxybenzamine, prazosin, terazosin, tolazine, atenolol, metoprolol, nadolol. 
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propranolol, timolol, carteolol and the like or a pharmaceutically acceptable salt 
thereof. 

Representative vasodilators include hydralazine, minoxidil, diazoxide. 
nitroprusside and the like or a pharmaceutically acceptable salt thereof. 
5 Representative calcium channel blockers include amrinone, bencyclane. 

diltiazem, fendiline, flunarizine, nicardipine, nimodipine, perhexilene, verapamil, 
gallopamil, nifedipine and the like or a pharmaceutically acceptable salt thereof. 

Representative renin inhibitors include enalkiren, zankiren, 
RO 42-5892, PD-1 34672 and the like or a pharmaceutically acceptable salt thereof. 
10 Representative angiotensin II antagonists include 

DUP 753, A-81988 and the like. 

Representative ACE inhibitors include captopril, enalapril. lisinopril and the 
like or a pharmaceutically acceptable salt thereof. 

Representative potassium channel activators include pinacidil and the like or a 
15 pharmaceutically acceptable salt thereof. 

Other representative cardiovascular agents include sympatholytic agents such 
as methyldopa, clonidine, guanabenz, reserpine and the like or a pharmaceutically 
acceptable salt thereof. 

The compounds of the invention and the cardiovascular agent can be 
20 administered at the recommended maximum clinical dosage or at lower doses. 

Dosage levels of the active compounds In the compositions of the invention may be 
varied so as to obtain a desired therapeutic response depending on the route of 
administration, severity of the disease and the response of the patient. The 
combination can be administered ais separate compositions or as a single dosage 
25 form containing both agents. 

When administered as a combination, the therapeutic agents can be 
formulated as separate compositions which are given at the same time or different 
times, or the therapeutic agents can be given as a single composition. 

The foregoing is merely illustrative of the invention and is not intended to limit 
30 the invention to the disclosed compounds, processes, compositions and methods. 

Variations and changes which are obvious to one skilled in the art are intended to be 
within the scope and nature of the invention which are defined in the appended 
claims. 
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CLAIMS 

What is claimed is: 

1 . A compound of the formula: 



R3 /i 

N — ( 



R2 

5 wherein 

R is -(CH2)m-W wherein m is an integer from 0 to 6 and W is 

(a) -C(0)2-G wherein G is hydrogen or a carboxy protecting group, 

(b) -P03H2. 

(c) -P(0)(OH)E wherein E is hydrogen, loweralkyi or arylalkyi, 
10 (d) -CN, 

(e) -C(0)NHRi7 wherein R17 is lowerall<yl, 

(f) alkylaminocarbonyl, 

(g) dialkyiaminocarbonyl, 

(h) tetrazolyl, 
15 (i) hydroxy, 

G) alkoxy, 

(k) sulfonamido, 

(!) -C(0)NHS(0)2Ri6 wherein Rie is loweralkyi, haloalkyi, aryl or dialkylamino, 
(m) -S(0)2NHC(0)Ri6 wherein R^g "s defined as above, 

HQ 



20 (n) 
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Ri and R2 are independently selected from hydrogen, loweralkyi, alkenyl, alkynyl, 
alkoxyalkyi, alkoxycarbonylalkyi, hydroxyalkyi, haloalkyi, haloalkoxyalkyl. 
alkoxyalkoxyalkyi, thioalkoxyalkoxyalkyi, cyclcalkyi, cycloalkylalkyi, 
aminocarbonylalkyi, alkylaminocarbonylalkyi, djalkylamlnocarbonylaikyl, 
aminocarbonylalkenyl, alkylaminocarbonylalkenyl, dialkylamlnocarbonylalkenyl, 
hydroxyalkenyl, aryl, arylalkyi, aryloxyalkyi, arylalkoxyalkyi, heterocyclic, 
(heterocyclic)alkyl and 

{Raa)(^bb)N-Rcc" wherein R^g Is aryl or arylalkyi, R^b is hydrogen or alkanoyi and R^ 
is alkylene, with the proviso that one or both of R^ and Rg is other than hydrogen; 
Rais R4-C(0)-R5- or R6-S(0)2-R7- 
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Wherein R5 is (i) a covalent bond, (ii) all<ylene, (iii) all<enylene. (iv) -N(R2o)-R8- or - 



wlierein Rs and Rg^ are independently selected from the group consisting of alkylene 
and aikenylene and 

R20 is hydrogen, loweralkyi, alkenyl, haloalkyi, alkoxyalkyi, haloalkoxyalkyi, 

cylcoalkyi or cycloalkylalkyi or (v) -O-R9- or -Rgg-O-Rg- 

wherein Rg and Rgg are independently selected from alkylene; 

R7 is (i) a covalent bond, (ii) alkylene, (iii) aikenylene or (iv) -N(R2i)-Rio- or -R^og- 

N(R2i)-Rio- 

wherein R10 and R^Qa independently selected from the group consisting of 
alkylene and aikenylene and 

R21 is hydrogen, loweralkyi, alkenyl, haloalkyi, alkoxyalkyi, haloalkoxyalkyi, aryl or 
arylalkyi; 

wherein R4 and Rg are , 



wherein Rn and R12 are independently selected from the group consisting of 
loweralkyi, cyano, alkoxy, halo, haloalkyi, and phenyl, and R13, R14, and R15 are 
independently selected from the group consisting of hydrogen, loweralkyi, hydroxy, 
amino, alkoxy, aryl, heterocyclic, halo, carboxy, nitro, alkylsulfonyl, arylsulfonyl, 
thioalkoxy, thioaryioxy, or cyano or 



or a pharmaceutically acceptable salt therisof. 

2. The compound according to Claim 1 wherein 
R3 is R4-C(0)-R5- wherein R4 is as defined therein and R5 is alkylene or R3 is 
R6-S(0)2-R7- wherein R7 is alkylene and Re is as defined therein. 



R8a-N(R2o)-R8- 




(ii) heterocyclic(amino), 



i • 
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3. The compound according to Claim 1 wlierein 

R is -C(0)2-G wherein G is hydrogen or a carboxy protecting group or R Is tetrazolyl 

or R is -C(0)-NHS(0)2Ri6 wherein R^g is loweralkyi, haloalkyi or aryl, 
Ri and R2 are Independently selected from 

(i) loweralkyi, (ii) cycloalkyi, (ill) substituted or unsubstituted aryl and 

(iv) substituted or unsubstituted heterocyclic, and 
R3 is R4-C{0)-R5- wherein R4 is as defined therein and R5 is alkylene or R3 is 

R6-S(0)2-R7- wherein R7 is alkylene and Re is as defined therein. 

4. The compound according to Claim 1 wherein 

R is -C(0)2-G wherein G is hydrogen or a carboxy protecting group, tetrazolyl or - 
C{0)-NHS(0)2Ri6 wherein R^g is loweralkyi, haloalkyi or aryl, 

Rl is (i) alkoxyalkyi, (ii) cycloalkyi, (ill) phenyl, (iv) pyridyl, (v) furanyl or (vi) substituted 
or unsubstituted 4-methoxyphenyl, 4-fluorophenyl, 3-fluorophenyl, 4- 
ethoxyphenyl, 4-propoxyphenyl, 4-isopropoxyphenyl, 4-trifluoromethylphenyl, 
4-pentafluoroethylphenyl, 2-fluoro-4-ethoxyphenyl, 3-fluoro-4-methoxyphenyl, 
3-fluoro-4-ethoxyphenyl, 3-fluoro-4-propoxyphenyl, 3-methoxy-4- 
propoxyphenyl, 2-fluorophenyl, 4-methoxymethoxyphenyl, 4-(2- 
methoxyethoxy)phenyl, 4-(2-iethoxyethoxy)phenyl, 4-(2- 
isopropoxyethoxy)phenyl, 4-hydroxyphenyl, 1 ,3-ben2odioxolyl. 1 ,4- 
benzodioxanyl or dihydrobenzofuranyl wherein the substituent is selected 
from alkoxy, alkoxyalkoxy and carboxyalkoxy, 

R2 is substituted or unsubstituted 1 ,3-ben2odioxolyl, 7-methoxy-1 ,3-benzodioxolyl, 

1 .4-beri2odioxanyl, 8-methoxy-1 ,4-benzodioxanyl, dihydrobenzofuranyl, 
benzofuranyl, 4-methoxyphenyl, dimethoxyphenyl, fluorophenyl or 
difluorophenyl and 

R3 is R4-C(0)-R5- wherein R4 is as defined therein and R5 is alkylene or R3 is 
R6-S(0)2-R7- wherein Ry is alkylene and Re is as defined therein. 

5. The compound according to Claim 1 wherein 

R is -C(0)2-G wherein G is hydrogen or a carboxy protecting group, tetrazolyl or 
-C(0)-NHS(0)2Ri6 wherein R^g is loweralkyi, haloalkyi or aryl, 

Rl is selected from the group consisting of 

(i) alkoxyalkyi, (ii) cycloalkyi, (ill) phenyl, (iv) pyridyl, (v) furanyl or (vi) 
substituted or unsubstituted 4-methoxyphenyl, 4-fluorophenyl, 3-fluorophenyl, 
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4-ethoxyphenyl, 4-propoxyphenyl,4-isopropxyphenyl, 4-trifluoromethylphenyl, 
4-pentafluoroethylphenyl. 2-fluoro-4-ethoxyphenyl, 3-fluoro-4-methoxyphenyl, 
3-fluoro-4-ethoxyphenyl, 3-fluoro-4-propoxyphenyl, 3-methoxy-4- 
propoxyphenyl, 2-fluorophenyl, 4-methoxymethoxyphenyl, 4-(2- 
methoxyethoxy)phenyl, 4-(2-ethoxyethoxy)phenyl, 4-(2- 
isopropoxyethoxy)phenyl, 4-hydroxyphenyl, 1 ,3-benzodioxolyl,1 ,4- 
benzodioxanyl or dihydrobenzofuranyl wherein the substituent is selected 
from alkoxy, alkoxyalkoxy and carboxyalkoxy, 
R2 is substituted or unsubstituted 1 ,3-benzodioxolyl, 

7-methoxy-1 ,3-benzodioxolyl, 1 ,4-benzodioxanyl, 8-methoxy-1 ,4- 
benzodioxanyl, dihydrobenzofuranyl, benzofurnayl, 4-methoxyphenyl, 
dimethoxyphenyl, fluorophenyl or difluorophenyl and R3 is R4-C(0)-R5- 
wherein R4 is as defined therein and R5 is alkylene. 

6. The compound according to Claim 1 wherein 

R is -C(0)2-G wherein G is hydrogen or a carboxy protecting group, tetrazolyl or - 
C(0)-NHS(0)2Ri 6 wherein R^g 'S loweralkyi or haloalkyi, 

Ri is substituted or unsubstituted 4-methoxyphenyl, 4-fluorophenyl, 2-fluorophenyl, 
4^ethoxyphenyl, 4-propoxyphenyl, 4-isopropoxyphenyl, 3-fluoro-4- 
methoxyphenyl, 3-fluoro-4-ethoxyphenyl, 2-fluoro-4-ethoxyphenyl, 3-fluoro-4- 
propoxyphenyl, 3-methoxy-4-propoxyphenyl, 4-trifluoromethylphenyl, 4- 
pentafluoroethylphenyl, 4-methoxymethoxyphenyl, 4-(2- 
methoxyethoxy)phenyl, 4-(2-ethoxyethoxy)phenyl, 4-(2- 
isopropoxyethoxy)phenyl, 4-hydroxyphenyl, 1 ,3-benzodioxolyl, 1 ,4- 
benzodioxanyl or dihydrobenzofuranyl wherein the substituent is selected 
from alkoxy, alkoxyalkoxy and carboxyalkoxy, 

R2 is 1 ,3-benzodioxolyl, 7-methoxy-1 ,3-benzodioxolyl, 1 ,4-benzodioxanyl, 

dihydrobenzofuranyl, benzofuranyl, 4-methoxyphenyl, dimethoxyphenyl, 
fluorophenyl or difluorophenyl and 
R3 is R4-C(0)-R5- wherein R4 is as defined therein and R5 is alkylene. 

7. The compound according to Claim 1 wherein 

R is -C(0)2-G wherein G is hydrogen or a carboxy protecting group, 
Ri is sufDstituted or unsubstituted 4-methoxyphenyl, 4-fluorophenyl, 2-fluorophenyl, 
3-fluoro-4-ethoxyphenyl, 3-fluoro-4-methoxyphenyl, 4-ethoxyphenyl. 4- 
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propoxyphenyl. 4-isopropoxyphenyl, 3-fluoro-4-propoxyphenyl, 3-methoxy-4- 
propoxyphenyl, 4-methoxymethoxyphenyl, 4-{2-methoxyethoxy)phenyl, 4-(2- 
ethoxyethoxy)phenyl, 4-(2-isopropoxyethoxy)phenyl. 4-hyclroxyphenyl, 1 ,3- 
benzodioxolyl, 1 ,4-benzodioxanyl or dihydrobenzofuranyl wherein the 
substituent is selected from alkoxy, alkoxyalkoxy and carboxyalkoxy, 
R2 is 1 ,3-benzodioxolyl, 7-methoxy-1 ,3-benzodioxolyl, 1 ,4-benzodioxanyl, 

dihydrobenzofuranyl, benzofuranyl, 4-methoxyphenyl, dimethoxyphenyl, 
fluorophenyl or difiuorophenyl and 
R3 is R4-C{0)-R5- wherein R4 is 

Ri1\ 

wherein R11 and R12 are independently selected from the group consisting of 
loweralkyi and R13, R14, and R15 are independently selected from the group 
consisting of hydrogen, loweralkyi, hydroxy, amino, alkoxy, aryl, heterocyclic, halo, 
carboxy, nitro, alkylsulfonyl, arylsulfonyl, thioalkoxy, thioaryloxy, or cyano and R5 is 
alkylene. 

8. The compound according to Claim 1 wherein 
R is -C{0)2-G wherein G is hydrogen or a carboxy protecting group, 
Ri is substituted or unsubstituted 4-methoxyphenyl, 4-fluorophenyl, 2-fluorophenyl, 
3-fiuoro-4-ethoxyphenyl, 3-fluoro-4-methoxyphenyl, 4-ethoxyphenyl, 4- 
propoxyphenyl, 4-isopropoxyphenyl, 2-fluoro-4-ethoxyphenyl, 3-fluoro-4- 
propoxyphenyl, 3-methoxy-4-propoxyphenyl, 4-methoxymethoxyphenyl, 4-(2- 
methoxyethoxy)phenyl, 4-(2-ethoxyethoxy)phenyl, 4-(2- 
isopropoxyethoxy)phenyl, 4-hydroxyphenyl, 1 ,3-benzodioxolyl, 1.4- 
benzodioxanyl or dihydrobenzofuranyl wherein the substituent is selected 
from alkoxy, alkoxyalkoxy and carboxyalkoxy, 
R2 is 1 ,3-benzodioxolyl, 7-methoxy-1 ,3-benzodioxolyl, 1 ,4-benzodloxanyl, 

dihydrobenzofuranyl, benzofuranyl, 4-methoxyphenyl. dimethoxyphenyl, 
fluorophenyl or difiuorophenyl and 
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R3 is R4-C(0)-R5- wherein R4 is 



15 




""^^ )-K 



wherein Rn and R12 are Independently selected from the group consisting of 
loweralkyi, alkoxy and halo, and R13, R14, and R15 are independently selected from 
the group consisting of hydrogen, loweralkyi, hydroxy, amino, alkoxy, aryl, 
20 heterocyclic, halo, carboxy, nitro, alkylsulfonyl, arylsulfonyl, thioalkoxy, thioaryloxy, or 
cyano, and R5 is aikyiene. 

9. The compound according to Claim 1 wherein 
R Is -C(0)2-G wherein G is hydrogen or a carboxy protecting group, 
Ri is substituted or unsubstituted 4-methoxyphenyl, 4-fluorophenyl, 2-fluorophenyl, 
3-fluoro-4-ethoxyphenyl, 3-fluoro-4-methoxyphenyl, 4-ethoxyphenyl, 4- 
5 propoxyphenyl, 4-isopropoxyphenyl, 2-fluoro-4-ethoxyphenyl, 3-fluoro-4- 

propoxyphenyl, 3-methoxy-4-propoxyphenyl, 4-methoxymethoxyphenyl, 4-(2- 
methoxyethoxy)phenyl, 4-(2-ethoxyethoxy)phenyl, 4-(2- 
isopropoxyethoxy)phenyl, 4-hydroxyphenyl, 1 ,3-benzodioxolyl, 1,4- 
benzodloxanyl or dihydrobenzofuranyl wherein the substituent is selected 
10 from alkoxy, alkoxyalkoxy and carboxyalkoxy, 

R2 is 1 ,3-benzodioxolyl, 7-methoxy-1 ,3-benzodioxolyl, 1 ,4-benzodioxanyl, 

dihydrobenzofuranyl, benzofuranyl, 4-methoxyphenyl, dimethoxyphenyl, 
fluorophenyl or difluorophenyl and 
R3 is R4-C(0)-R5- wherein R4 Is 

R11 

Ri1~\ 

15 R12 

wherein Rn and R12 are independently selected from the group consisting of 
methyl, ethyl, and isopropyl, and R13, R14, and R15 are independently selected from 
the group consisting of hydrogen, loweralkyi, hydroxy, amino, alkoxy, aryl, 
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heterocyclic, halo, carboxy, nitro, alkylsulfonyl, arylsulfonyl, thioalkoxy, thioaryloxy, or 
cyano and R5 is alkylene. 

1 0. The compound according to Claim 1 wherein 
R is -C(0)2-G wherein G is hydrogen or a carboxy protecting group, 
Ri is substituted or unsubstituted 4-methoxyphenyl, 4-fluorophenyl, 2-fluorophenyl, 
3-fluoro-4-ethoxyphenyl, 3-fluoro-4-methoxyphenyl, 4-ethoxyphenyl, 4- 
propoxyphenyl, 4-isopropoxyphenyl, 2-fluoro-4-ethoxyphenyl, 3-fluoro-4- 
propoxyphenyl, 3-methoxy-4-propoxyphenyl. 4-methoxymethoxyphenyl, 4-{2- 
methoxyethoxy)phenyl, 4-(2-ethoxyethoxy)phenyl, 4-(2- 
isopropoxyethoxy)phenyl, 4-hydroxyphenyl, 1 ,3-benzodioxolyl, 1,4- 
benzodioxanyl or dihydrobenzofuranyl wherein the substituent is selected 
from alkoxy, alkoxyalkoxy and carboxyalkoxy, 
R2 is 1 ,3-benzodioxolyl, 7-methoxy-1 ,3-benzodioxolyl, 1 ,4-benzodioxanyl, 

dihydrobenzofuranyl, benzofuranyl, 4-methoxyphenyl, dimethoxyphenyi, 
fluorophenyl or difluorophenyl and 
R3 is R4-C(0)-R5- wherein R4 is 



wherein Rn and R12 are independently selected from the group consisting of 
methyl, ethyl, and isopropyl, and R13. R14, and R15 are Independently selected from 
the group consisting of hydrogen, loweralkyi, hydroxy, amino, alkoxy, aryl, 
heterocyclic, halo, carboxy, nitro, alkylsulfonyl, arylsulfonyl, thioalkoxy, thioaryloxy, or 
cyano and R5 is methylene. 

1 1 . The compound according to Claim 1 of the formula: 
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5 wherein 

R is -(CH2)m-W wherein m is an integer from 0 to 6 and W is 

(a) -C(0}2-G wherein G is hydrogen or a carboxy protecting group, 

(b) -PO3H2, 

(c) -P(0)(OH)E wherein E is hydrogen, lowerall<yl or arylalkyi, 
10 (d) -CN, 

(e) -C(0)NHRi7 wherein R17 is loweralkyi, 

(f) alkylaminocarbonyl, 

(g) dialkylaminocarbonyl, 

(h) tetrazolyl, 
15 (i) hydroxy, 

0) alkoxy, 

(k) suKonamido, 

(I) -C(0)NHS(0)2Ri6 wherein R16 is loweralkyi, haloalkyi, aryl or dialkylamino, 
(m) -S(0)2NHC(0)Ri6 wherein R^g is defined as above, 



20 
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(r) " °. 
(s) " . 

si 

(t) ^ " 




(U) 

Ri and R2 are independently selected from hydrogen, loweralkyi, alkenyl, alkynyl, 
alkoxyalkyi, alkoxycarbonylalkyl. hydroxyalkyi, haloalkyi, haloalkoxyalkyl. 
alkoxyalkoxyalkyi, thioalkoxyalkoxyalkyi, cycloalkyi, cycloalkylalkyi, 
aminocarbonylalkyi, alkylaminocarbonylalkyi, dialkylamlnocarbonylalkyi, 
aminocarbonylalkenyl, alkylaminocarbonylalkenyl, dialkylamlnocarbonylalkenyl, 
hydroxyalkenyl, aryl, arylalkyi, aryloxyalkyi, arylalkoxyalkyi, heterocyclic, 
(heterocyclic)alkyl and 

(Raa)(f^bb)'^*'^cc- wherein Rgg is aryl or arylalkyi, R^i, is hydrogen or alkanoyi and R^^ 
is alkylene, with the proviso that one or both of R^ and Rg Is other than hydrogen; 
Rais R4-C(0)-R5- or R6-S(0)2-R7- 

wherein R5 is (i) a covalent bond, (il) alkylene. (iii) alkenylene, (iv) -N(R2o)-R8- or - 
R8a-N(R2o)-R8- 

wherein Ra and Rgg are independently selected from the group consisting of alkylene 
and alkenylene and 

R20 is hydrogen, loweralkyi, alkenyl, haloalkyi, alkoxyalkyi, haloalkoxyalkyl, 
cylcoalkyi or cycloalkylalkyi or (v) -O-R9- or -Rga-O-Rg- wherein Rg and Rgg are 
independently selected from alkylene; 

R7 is (i) a covalent bond, (11) alkylene, (iii) alkenylene or (iv) -N(R2i)-Rio- or -R^q^- 
N(R2i)-Rio- wherein R10 and 

R^Oa independently selected from the group consisting of alkylene and 
alkenylene and 
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R21 is hydrogen, loweralkyl, alkenyl, haloalkyi, alkoxyalkyi, haloalkoxyalkyi, aryl or 
arylalkyi; 

wherein R4 and Rg are 



wherein Rn and R12 are independently selected from the group consisting of 
loweralkyl, cyano, halo, alkoxy, haloalkyi and phenyl and Ri3.Ri4,Ri5 are 
independently selected from the group consisting of hydrogen, loweralkyl, hydroxy, 
amino, alkoxy, aryl, heterocyclic, halo, carboxy, nitro, alkylsulfonyl, arylsulfonyl, 
thioalkoxy, thioaryloxy, or cyano; or 

(il) heterocyclic(amino), 
or a pharmaceutically acceptable salt thereof. 

12. The compound according to Claim 11 wherein 

R3 is R4-C(0)-R5- wherein R4 is as defined therein and R5 is alkylene or R3 is 
R6-S(0)2-R7- wherein R7 is alkylene and Re is as defined therein. 

13. The compound according to Claim 1 1 wherein 

R is -C(0)2-G wherein G is hydrogen or a carboxy protecting group or R is 

tetrazolyl or R is -C{0)-NHS(0)2Ri6 wherein R^g Is loweralkyl, haloalkyi or 
aryl, 

Ri and R2 are independently selected from 

(i) loweralkyl, (li) cycloalkyi, (iii) substituted or unsubstituted aryl and 

(iv) substituted or unsubstituted heterocyclic, and 
R3 is R4-C(0)-R5- wherein R4 is as defined therein and R5 is alkylene or R3 is 

R6-S(0)2-R7- wherein R7 is alkylene and Re is as defined therein. 

14. The compound according to Claim 1 1 wherein 

R is -C(0)2-G wherein G is hydrogen or a carboxy protecting group, tetrazolyl or 
-C(0)-NHS(0)2Ri6 wherein R^g 'S loweralkyl, haloalkyi or aryl, 

Ri is (i) alkoxyalkyi, (ii) cycloalkyi, (iii) phenyl, (iv) pyridyl, (v) furanyl or (vi) substituted 
or unsubstituted 4-methoxyphenyl, 4-fluorophenyl, 3-fluorophenyl, 4- 



(i) 
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ethoxyphenyl, 4-propoxyphenyl, 4-isopropoxyphenyl, 4-trifiuoromethylphenyl, 
4-pentafluoroethylphenyl, 2-fluoro-4-ethoxyphenyl, 3-fluoro-4-methoxyphenyl, 

3- fluoro-4-ethoxyphenyl, 3-fluoro-4-propoxyphenyl, 3-methoxy-4- 
propoxyphenyl, 2-fluorophenyl, 4-methoxymethoxyphenyl, 4-(2- 
methoxyethoxy)phenyl, 4-(2-ethoxyethoxy)phenyl, 4-(2- 
isopropoxyethoxy)phenyl, 4-hydroxyphenyl, 1 ,3-benzodioxolyl, 1 ,4- 
benzodioxanyl or dihydrobenzofuranyl wherein the substituent is selected 
from alkoxy, alkoxyall^oxy and carboxyalkoxy, 

R2 is substituted or unsubstituted 1 ,3-benzodloxolyi, 7-methoxy-1 ,3-benzodioxolyl, 

1 ,4-ben2odioxanyl, 8-methoxy-1 ,4-benzodioxanyl, dihydrobenzofuranyl, 
benzofuranyl, 4-methoxyphenyl, dimethoxyphenyl, fluorophenyl or 
difluorophenyl and 

R3 is R4-C(0)-R5- wherein R4 is as defined therein and R5 is alkyiene or R3 is 
R6-S{0)2-R7- wherein R7 is alkyiene and Re is as defined therein. 

15. The compound according to Claim 11 wherein 
R is -C(0)2-G wherein G is hydrogen or a carboxy protecting group, tetrazolyl or 

-C(0)-NHS{0)2Ri6 wherein R^g 's loweralkyi, haloalkyi or aryl, 
Rl is selected from the group consisting of 

(i) alkoxyalkyi, (ii) cycloalkyi, (iii) phenyl, (iv) pyridyl, (v) furanyl or (vi) 

substituted or unsubstituted 4-methoxyphenyl, 4-fluorophenyl, 3-fluorophenyl, 

4- ethoxyphenyl, 4-propoxyphenyl,4-isopropxypheyl. 4-trifluoromethylphenyl, 
4-pentafluoroethylphenyl, 2-fluoro-4ethoxyphenyl, 3-fluoro-4-methoxyphenyl, 
3-fluoro-4-ethoxyphenyl, 3-fluoro-4-propoxyphenyl, 3-methoxy-4- 
propoxyphenyl, 2-fluorophenyl, 4-methoxymethoxyphenyl, 4-(2- 
methoxyethoxy)phenyl, 4-(2-ethoxyethoxy)phenyl, 4-(2- 
isopropoxyethoxy)phenyl, 4-hydroxyphenyl, 1 ,3-benzodioxolyl, 1,4- 
benzodioxanyl or dihydrobenzofuranyl wherein the substituent is selected 
from alkoxy, alkoxyalkoxy and carboxyalkoxy, 

R2 is substituted or unsubstituted 1 ,3-benzodioxolyi, 

7-methoxy.-1 ,3-ben2odioxolyl. 1 ,4-ben2odioxanyl, 8-methoxy-1,4- 
benzodioxanyl. dihydrobenzofuranyl, benzofurnayl, 4-methoxyphenyl, 
dimethoxyphenyl, fluorophenyl or difluorophenyl and R3 is R4-C(0)-R5- 
wherein R4 is as defined therein and R5 Is alkyiene. 
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16. The compound according to Claim 11 wherein 

R Is -C(0)2-G wherein G Is hydrogen or a carboxy protecting group, tetrazolyl or 
-C(0)-NHS(0)2Ri6 wherein R^g 's lowerall<yl or haloalkyi, 

Ri is substituted or unsubstltuted 4-methoxyphenyl, 4-fluorophenyl, 2-fluorophenyl, 
4-ethoxyphenyl, 4-propoxyphenyl, 4-lsopropoxyphenyl, 3-fluoro-4- 
methoxyphenyl, 3-fluoro-4-ethoxyphenyl, 2-fluoro-4-ethoxyphenyl, 3-fluoro-4- 
propoxyphenyl, 3-methoxy-4-propoxyphenyl, 4-trifluoromethylphenyl, 4- 
pentafluoroethylphenyl, 4-methoxymethoxyphenyl, 4-(2- 
methoxyethoxy)phenyl, 4-(2-ethoxyethoxy)phenyl, 4-(2- 
isopropoxyethoxy)phenyl, 4-hydroxyphenyl, 1 ,3-benzodioxolyl, 1 ,4- 
benzodloxanyl or dihydrobenzofuranyl wherein the substltuent is selected 
from alkoxy, alkoxyalkoxy and carboxyalkoxy, 

R2 is 1 ,3-benzodloxolyl, 7-methoxy-1 ,3-benzodioxolyl, 1 ,4-benzodioxanyl, 

dihydrobenzofuranyl, benzofuranyl, 4-methoxyphenyl, dimethoxyphenyl, 
fluorophenyl or difluorophenyl and 
R3 is R4-C(0)-R5- wherein R4 is as defined therein and R5 is alkylene. 

1 7. The compound according to Claim 1 1 wherein 

R is -C(0)2-G wherein G Is hydrogen or a carboxy protecting group, 
Ri is substituted or unsubstltuted 4-methoxyphenyl, 4-fluorophenyl, 2-fluorophenyl, 
3-fluoro-4-ethoxyphenyl, 3-fluoro-4-methoxyphenyl, 4-ethoxyphenyl, 4- 
propoxyphenyl, 4-isopropoxyphenyl, 3-fluoro-4-propoxyphenyl, 3-methoxy-4- 
propoxyphenyl, 4methoxymethoxyphenyl, 4-{2-methoxyethoxy)phenyl, 4-(2- 
ethoxyethoxy)phenyl, 4-(2-lsopropoxyethoxy)phenyl, 4-hydroxyphenyl, 1,3- 
benzodloxolyl, 1 ,4-benzodloxanyl or dihydrobenzofuranyl wherein the 
substltuent Is selected from alkoxy, alkoxyalkoxy and carboxyalkoxy, 
R2 is 1 ,3-benzodioxolyl, 7-methoxy-1 ,3-benzodioxolyl, 1 ,4-benzodioxanyl, 

dihydrobenzofuranyl, benzofuranyl, 4-methoxyphenyl, dimethoxyphenyl, 
fluorophenyl or difluorophenyl and 
R3 is R4-C(0)-R5- wherein R4 is 

Rit\ 
R12 
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wherein Rn and R12 are independently selected from the group consisting of 
loweralkyi and R13. Ru, and R15 are independently selected from the group 
consisting of hydrogen, loweralkyi, hydroxy, amino, alkoxy, aryl, heterocyclic, halo, 
carboxy, nitro, alkylsulfonyl, arylsulfonyl. thioalkoxy, thioaryloxy, or cyano and R5 is 
alkylene. 

18. The compound according to Claim 11 wherein 
R is -C(0)2-G wherein G is hydrogen or a carboxy protecting group, 
Ri is substituted or unsubstituted 4-methoxyphenyl, 4-fluorophenyl, 2-fluorophenyl, 
3-fluoro-4-ethoxyphenyl, 3-fluoro-4-methoxyphenyl, 4-ethoxyphenyl, 4- 
propoxyphenyl, 4-isopropoxyphenyl, 2-fluoro-4-ethoxyphenyl, 3-fluoro-4- 
propoxyphenyl, 3-methoxy-4-propoxyphenyl, 4-methoxymethoxyphenyl, 4-(2- 
methoxyethoxy)phenyl, 4-(2-ethoxyethoxy)phenyl, 4-(2- 
isopropoxyethoxphenyl, 4-hydroxyphenyl, 1 ,3-benzodioxolyl, 1 ,4- 
benzodioxanyl or dihydrobenzofuranyl wherein the substituent is selected 
from alkoxy, alkoxyalkoxy and carboxyalkoxy, 
R2 is 1 ,3-benzodioxolyl, 7-methoxy-1 ,3-benzodioxolyl, 1 ,4-benzodioxanyl, 

dihydrobenzofuranyl, benzofuranyl, 4-methoxyphenyl, dimethoxyphenyl, 
fluorophenyl or difluorophenyl and 
R3 is R4-C(0)-R5- wherein R4 is 



wherein Ru and R12 are independently selected from the group consisting of 
loweralkyi, alkoxy and halo, and R13, R14, and R15 are independently selected from 
the group consisting of hydrogen, loweralkyi, hydroxy, amino, alkoxy, aryl, 
heterocyclic, halo, carboxy, nitro, alkylsulfonyl. arylsulfonyl, thioalkoxy, thioaryloxy, or 
cyano, and R5 is alkylene. 




1 9. The compound according to Claim 1 1 wherein 
R is -C(0)2-G wherein G is hydrogen or a carboxy protecting group. 
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Ri is substituted or unsubstituted 4-metlioxyphenyl, 4-fluoroplienyl, 2-fluoropiienyl, 
3-fluoro-4-ethoxyphenyl, 3-fluoro-4-methoxyplienyl, 4-ethoxyphenyl, 4- 
propoxyphenyl, 4-isopropoxyphenyl, 2-fluoro-4-etlioxyphenyl, 3-fluoro-4- 
propoxyphenyl, 3-methoxy-4-propoxyphenyl, 4-metlioxymethoxyplienyl, 4-(2 
metlioxyetlioxy)plienyl, 4-(2-etlioxyethoxy)phenyl, 4-{2 
isopropoxyethoxy)plienyl, 4-hydroxyphenyl, 1 .S-benzodioxolyl, 1,4- 
benzodioxanyl or dihydrobenzofuranyl wherein the substituent is selected 
from all<oxy, all<oxyall<oxy and carboxyalkoxy, 

R2 is 1 ,3-benzodioxolyl, 7-metlioxy-1 ,3-benzodioxolyl, 1 ,4-benzodioxanyl, 

diliydrobenzofuranyl, benzofuranyl, 4-mettioxyplienyl, dimethoxyphenyl, 
fluorophenyl or difluorophenyl and 
R3 is R4-C(0)-R5- wlierein R4 is 



wlierein Rn and R12 are independently selected from the group consisting of 
methyl, ethyl, and isopropyl, and R13, R14, and R15 are independently selected from 
the group consisting of hydrogen, loweralkyi, hydroxy, amino, alkoxy, aryl, 
heterocyclic, halo, carboxy, nitro, alkylsulfonyl, arylsulfonyl, thioalkoxy, thioaryloxy, or 
cyano and R5 is alkylene. 

20. The compound according to Claim 1 1 wherein 
R is -C(0)2-G wherein G is hydrogen or a carboxy protecting group, 
Ri Is substituted or unsubstituted 4-methoxyphenyl, 4-fluorophenyl, 2-fluorophBnyl, 
3-fluoro-4-ethoxyphenyl, 3-fluoro-4-methoxyphenyl, 4-ethoxyphenyl, 4- 
propoxyphenyl, 4-isopropoxyphenyl, 2-fluoro-4-ethoxyphenyl, 3-fluoro-4- 
propoxyphenyl, 3-methoxy-4-propoxyphenyl, 4-methoxymethoxyphenyl, 4-(2- 
methoxyethoxy)phenyl, 4-(2-ethoxyethoxy)phenyl, 4-{2- 
isopropoxyethoxy)phenyl, 4-hydroxyphenyl, 1 ,3-benzodioxolyl, 1,4- 
benzodioxanyl or dihydrobenzofuranyl wherein the substituent is selected 
from alkoxy, alkoxyalkoxy and carboxyalkoxy. 




Sa57S33A1 I > 



( 

wo 98/57933 



( 



PCT/US98ni821 



174 



R2 is 1 ,3-benzodioxolyl, 7-methoxy-1 ,3-ben20dioxolyl, 1 ,4-benzodioxanyl, 

dihydrobenzofuranyl, benzofuranyl, 4-methoxyphenyl, dimethoxyphenyl, 
fiuorophenyl or difluorophenyl and 
R3 is R4-C(0)-R5- wherein R4 is 



wherein Rn and R12 are independently selected from the group consisting of 
methyl, ethyl, and isopropyl, and R13. R14, and R15 are independently selected from 
the group consisting of hydrogen, loweralkyi, hydroxy, amino, alkoxy, aryl, 
heterocyclic, halo, carboxy, nitro, or cyano and R5 is methylene. 

21. A compound selected from the group consisting of 
frans,frans-2-(4-Methoxyphenyl)-4-(1,3-benzodioxol-5-yl)-1-((2,6- 

diethyl)phenylaminocarbonylmethyl)-pyrrolidine-3-carboxylic acid; 
frans,fra/7s-2-(4-Propoxyphenyl}-4-(1,3-benzodioxol-5-yl)-1-((2,6- 

diethyl)phenylaminocarbonylmethyl)-pyrrolidine-3-carboxylic acid; 
fra/7s,frans-2-(3-Fluoro-4-methoxyphenyl)-4-(1,3-benzodioxol-5-yl)-1-((2,6- 

diethyl)phenylamlnocarbonylmethyl)-pyrrolidine-3-carboxylic acid; 
frans,frans-2-(3-Fluoro-4-ethoxyphenyl)-4-(1,3-benzodioxol-5-yl)-1-({2,6- 

diethyl)phenylaminocarbonylmethyl)-pyrrolidine-3-carboxyllc add; 
fra/7s,f/a/7s-2-(3-Fluoro-4-methoxyphenyl)-4-(7-methoxy-1.3-benzodioxol-5-yl)-1- 
((2,6-diethyl)phenylaminocarbonylmethyl)-pyrrolidine-3-carboxylic add; 
frans,frans-2-(3-methoxy-4-propoxyphenyl)-4-(1,3-ben2odioxol-5-yl)-1-((2,6- 

diethyl)phenylamlnocarbonylmethyl)-pyrrolidlne-3-carboxylic add; 
frans,frans-2-(4-ethoxyphenyl)-4-{1,3-benzodioxol-5-yl)-1-((2,6- 

diethyl)phenylaminocarbonylmethyl)-pyrrolidine-3-carboxylic add; 
frans,fra/7s-2-(4-propoxyphenyl)-4-(7-methoxy-1,3-benzodioxol-5-yl)-1-((2,6- 

diethyl)phenylaminocarbonylmethyl)-pyrrolidine-3-carboxylic add 
frans,fraA7S-2-(3-methoxy-4-propoxyphenyl)-4-(7-methoxy-1,3-benzodioxol-5-yl)-1- 

((2,6-diethyl)phenylaminoca;rbonylmethyl)-pyrrolidine-3-carboxylic add; 
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[2a3H.4S|2-(4-Methoxyphenyl)-4-(1,3-benzodioxol-5-yl)-1-(N-((2,6- 

diethyl)phenylaminocarbonylmethyl)-pyrrolidine-3-carboxylic add, 
[2a3a4S)2-(4-Propoxyphenyl)-4-(1,3-benzodioxol-5-yl)-1-(N-(2,6- 

diethyl)phenylaminocarbonylmethyl)-pyrrolidine-3-carboxylic add; 
and (2a3a4S)-2-(4-ethoxyphenyl)-4-(1.3-benzodioxol-5-yl)-1-(2.6- 

diethyl)phenylaminocarbonylmethyl)-pyrrolidine-3-carboxylic add, 
frans,frans-2-(4-isopropoxyphenyl)-4-(1 ,3-ben2odioxol-5-yl)-1 -{2, 6- 

diethylphenylaminocarbonylmethyl)-pyrrolidine-3-carboxylic add, 
frans,frans-2-(2-fiuoro-4-propoxyphenyl)-4-(1 ,3-benzodioxol-5-yl)-1 -{2, 6- 

diethylphenylaminocarbonylmethyl)-pyrrolidine-3-carboxylic add, 
frans,frans-2-(4-{2-Methoxyethoxy)phenyl)-4-(1 ,3-benzodioxol-5-yl)-1 -(2, 6- 

diethylphenylaminocarbonylmethyl)-pyrrolidine-3-carboxylic add, 
frans,frans-2-(4-{2-Ethoxyethoxy)phenyl)-4-(1 ,3-ben2odioxol-5-yl)-1 -(2, 6- 

diethylphenylaminocarbonylmethyl)-pyrrolidine-3-carboxylic add, 
[2R,3R,4S]-2-(4-(2-Methoxyethoxy)phenyl)-4-(1 .3-benzodioxol-5-yl)-1 -(2, 6- 

diethylphenylaminocarbonylmethyl)-pyrrolidine-3-carboxyllc add, 
I2R,3R,4S]-2-(4-(2-Ethoxyethoxy)phenyl)-4-(1 ,3-benzodioxol-5-yl)-1 -(2, 6- 

diethylphisnylaminocarbonylmethyl)-pyrrolidine-3-carboxyllc add, and 
fraA7s,ffans-2-(4-(2-isopropoxyethoxy)phenyl)-4-(1 ,3-benzodioxol-5-yl)-1 -(2, 6- 
diethylphenylaminocarbonylmethyl)-pyrrolidine-3-carboxylic add, 
or a pharmaceuticaliy acceptable salt thereof. 

22. A compound of claim 21 wherein said compound is trans,trans-2-{A- 
Propoxyphenyl)-4-(1 ,3-benzodioxol-5-yl)-1 -((2,6- 

diethyl)phenylaminocarbonylmethyl)-pyrrolidine-3-carboxylic acid; 
or a pharmaceuticaliy acceptable salt thereof. 

23. A compound of claim 21 wherein said compound is [2R,3R,4S\2-{4- 
Methoxyphenyl)-4-(1 ,3-benzodloxol-5-yl)-1 -(N-((2,6- 
diethyl)phenylamlnocarbonylmethyl)-pyrrolidine-3-carboxylic add, or a 
pharmaceuticaliy acceptable salt thereof. 



24. A compound of claim 21 wherein said compound is [2R,3R,4S\2-{4- 
Propoxyphenyl)-4-(l ,3-benzodioxol-5-yl)-1 -(N-((2,6- 
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cliethyl)phenylaminocarbonylmethyl)-pyrrolldine-3-carboxylic acid, or a 
pharmaceutically acceptable salt thereof. 



25. A compound of claim 21 wherein said compound is (2a3fl,4S)-2-(4- 
ethoxyphenyl)-4-(1,3-benzodioxol-5-yl)-1-((2,6-diethyl)phenylaminocarbonylmethyl)- 
pyrrolidine-3-carboxyIic acid, or a pharmaceutically acceptable salt thereof. 

26. A compound of claim 21 wherein said compound is fra/7s,frans-2-(4-(2- 
Methoxyethoxy)phenyl)-4-(1 ,3-benzodioxol-5-yl)-1-(2, 6- 
diethylphenylaminocarbonylmethyl)-pyrrolidine-3-carboxylic acid, or a 
pharmaceutically acceptable salt thereof 

27. A pharmaceutical composition for antagonizing endothelin comprising a 
therapeutically effective amount of the compound of Claim 1 and a pharmaceutically 
acceptsdsle carrier. 

28. A pharmaceutical composition for antagonizing endothelin comprising a 
therapeutically effective amount of the compound of Claim 1 1 and a pharmaceutically 
acceptable carrier. 

29. A method for antagonizing endothelin comprising administering to a 
mammal in need of such treatment a therapeutically effective amount of a compound 
of Claim 1. 

30. A method for antagonizing endothelin comprising administering to a 
mammal in need of such treatment a therapeutically effective amount of a compound 
of Claim 11. 

31 . A method for treating treating hypertension, congestive heart failure, 
restenosis following arterial injury, cerebral or myocardial ischemia or 
atherosclerosis comprising administering to a mammal in need of such treatment a 
therapeutically effective amount of a compound of Claim 1 . 
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32. A method for treating hypertension, congestive heart failure, restenosis 
following arterial injury, cerebral or myocardial ischemia or atherosclerosis 
comprising administering to a mammal in need of such treatment a therapeutically 
effective amount of a compound of Claim 11. 

33. A method for treating treating coronary angina, cerebral vasospasm, 
acute and chronic pulmonary hypertension, acute and chronic renal failure, gastric 
ulceration, cyclosporin-induced nephrotoxicity, endotoxin-induced toxicity, asthma, 
LPL-related lipoprotein disorders, fibrotic or proliferative diseases, platelet 

5 aggregation, thrombosis, IL-2 mediated cardlotoxicity, nociception, colitis, vascular 
permeability disorders, ischemia-repurfusion injury, systemic sclerosis, liver cirrhosis, 
adult respiratory distress syndrome, idiopathic cardiomyopathy, lupus erythematosus, 
diabetic retinopathy or other retinopathies, psoriasis, schleroderma, prostatic 
hyperplasia, cardiac hyperplasia, Raynaud's disease, cancers, adenocarcinomas, 

10 angina, transplant-induced artherosclerosis, and migraine comprising administering 
to a mammal in need of such treatment a therapeutically effective amount of a 
compound of Claim 1. 

34. A method for treating treating coronary angina, cerebral vasospasm, 
acute and chronic pulmonary hypertension, acute and chronic renal failure, gastric 
ulceration, cyclosporin-induced nephrotoxicity, endotoxin-induced toxicity, asthma, 
LPL-related lipoprotein disorders, fibrotic or proliferative diseases, platelet 

5 aggregation, thrombosis, IL-2 mediated cardlotoxicity, nociception, colitis, vascular 
permeability disorders, ischemia-repurfusion injury, systemic sclerosis, liver cirrhosis, 
adult respiratory distress syndrome, idiopathic cardiomyopathy, lupus erythematosus, 
diabetic retinopathy or other retinopathies, psoriasis, schleroderma, prostatic 
hyperplasia, cardiac hyperplasia, Raynaud's disease, cancers, adenocarcinomas, 

10 angina, transplant-induced arterosclerosis, and migraine comprising administering to 
a mammal In need of such treatment a therapeutically effective amount of a 
compound of Claim 1 1 . 

35. A method for treating treating hypertension, congestive heart failure, 
restenosis following arterial injury, cerebral or myocardial ischemia or 
atherosclerosis comprising administering to a mammal in need of such treatment a 
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therapeutically effective amount of a compound of Claim 1 In combination with one or 
more cardiovascular agents. 

36. A method for treating treating hypertension, congestive heart failure, 
restenosis following arterial injury, cerebral or myocardial ischemia or 
atherosclerosis comprising administering to a mammal in need of such treatment a 
therapeutically effective amount of a compound of Claim 1 1 in combination with one 
or more cardiovascular agents. 
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